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Cold Iron 
Gold is for the mistress’ silver for the maid; 
Copper for the craftsman, cunning at his trade, 
"Good I" said the baron, sitting in his hall; 
"But iron - cold iron - is master of them all." 
_ Rudyard Kipling. 
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ABSTRACT 
Iron is a vitally important element in human metabolism. It is mainly 
absorbed by the intestinal mucosal cells of the duodenum and proximal 
jejunum. After binding with plasma transferrin, iron is then transported to 
various tissues according to their functional needs. Since there is no 
physiological mechanism to excrete excess iron, the normal iron balance of 
total body iron is maintained by regulation of absorption. Therefore, an 
increase in iron absorption or parenteral administration may lead to excess iron 
accumulation and organ failure, especially in the liver, pancreas and heart. 
The aim of this project is to study the distribution of hepatic iron of 
hospital patients in Hong Kong. Little information on this topic is available in 
the medical literature. Iron deposition in the liver was assessed by employing 
two histological grading methods and the liver tissue iron concentration was 
measured chemically by atomic absorption spectrophotometry. The first 
method assessed the degree (0 to 4+) of iron deposition; the second measured 
both the degree (0 to 4+) and an estimation of the amount (percentage area) of 
i 
iron deposition at four different magnifications, expressed in numerical scores. 
The results showed that the second method gave a better correlation with 
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chemically measured tissue iron concentration than that of the first method. 
Estimations of hepatic iron concentration, using the two histological 
methods，were correlated with sex and age, and with iron distribution in the 
pancreas and the heart. 
There was a relatively high incidence of significant hepatic 
haemosiderosis in the studied group. It occurs predominantly in males of late 
adulthood. Iron is frequently distributed both in hepatocytes and Kupffer cells 
suggesting a combination of increased iron absorption and parenteral overload, 
and not a pattern of genetic haemochromatosis. In the majority, haemosiderosis 
was present in tissues, correlating with clinical evidence of disease such as 
neoplasia, liver disease, diabetes mellitus, and chronic renal failure. 
2 
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SECTION 1 
INTRODUCTION 
Iron participates in several important biological reactions and is essential 
to virtually all living organisms. In human metabolism, it plays a major role in 
erythropoiesis and intracellular processes. 
Iron-containing proteins of the respiratory chain take part in electron 
transport to provide the energy for cellular functional activities.^  Iron is also 
required for cell growth and multiplication. It is essential for the activity of 
ribonucleotide reductase, an important enzyme in DNA synthesis, responsible 
for the reduction of ribonucleotides to deoxyribonucleotides ？ 
However, iron is potentially toxic because it can catalyse the 
transformation of the nontoxic superoxide radicals (CV) into potentially 
damaging free radicals such as OH ). Thus, the biological role of this metal, 
and its harmful toxicity needs to be highly regulated. The abnormalities in 
different steps may affect both the sumval and the proliferative activity of the 
cell.3,4 
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Iron overload is not confined to haemochromatosis. It may occur 
through three possible mechanisms: inappropriately increased mucosal 
absorption of iron; parenteral adminstration of iron either in the form of blood 
transfusion or injections of therapeutic iron preparations; and excessive oral 
intake over a prolonged period, particularly when conditions favour the 
absorption. 
In general, approximately 30% of total body iron is in storage form 
which can be easily mobilized when utilization exceeds absorption. The liver 
is a major site of iron storage. Iron is stored in hepatocytes and 
reticuloendothelial cells in the form of ferritin. 
In haemochromatosis, there is an increase in total body iron，with 
deposition of excess of ferritin in hepatic and other parenchymal cells. 
Excessive iron deposition induces cellular damage. It can be in the form of 
diffuse fibrodc change, primarily in the liver, heart, and pancreas, and also in 
other endocrine organs. In haemosiderosis, no cellular damage is apparent .^ 
There is increased iron body stores/total body iron may be unchanged, but 
redistribution of body iron is in storage form. 
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There is little information on iron overload in Hong Kong and inherited 
iron storage disease ( genetic haemochromatosis ) is said to be rare in Chinese. 
However, iron is frequently seen in liver biopsies at the Prince of Wales 
Hospital. While sometimes iron deposition is quite heavy, often the distribution 
of the iron is not typical of genetic haemochromatosis. Based on this 
observation, the present study is designed to document the presence and to 
measure the amount of iron in the liver, pancreas and heart of our hospital 
patients. Specifically the objectives of the present study are : 
1. To study iron deposition in the liver of Hong Kong Chinese using both 
histological grading and chemical measurements from post-mortem 
material. 
2. To correlate the histological grading method, adjusted with a score based 
on an estimation of the percentage area of different grades of iron 
storage in hepatocytes & Kupffer cells, with chemical measurements. 
3. To correlate hepatocytic iron content with that in the pancreas and the 
myocardium. 





The injurious effect of iron on tissue is closely related to the 
chemistry of free radicals. A free radical is an atom or molecule which has an 
unpaired electron^ '"^  and is the most reactive form. Each electron tends to react 
with a second electron which has an opposite spin. They react with other 
molecules to share their electrons or to separate a hydrogen atom, from an 
adjacent molecule. This leads to an unpaired electron on the molecule which 
has been attacked. Under this condition, the chain reaction goes on until the 
latest radical meets a radical. With which, it can share its electron, or a radical 
to form a relatively stable state. 
If free radicals are not neutralized, they can react with and 
damage cellular components. Thus ‘the reaction between free radicals and 
unsaturated fatty acids. Result in the generation of lipid hydroperoxides and 
the cellular membrane is thus subsequently damage)，* Also, when iron is 
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involved in transfer reaction of single electron, each of these reactions can lead 
to the production of a free radical. Such reactions include harmful oxygen 
derivatives which are in forms of peroxide, superoxide and hydroxyl radicals.3,4 
This is why iron is stored and transported in a form which avoids undergoing 
single electron changes (from the ferric to ferrous states). 
2.1.2 METABOLISM 
2.1.2.1 Homeostasis 
The average diet (in North America) contains about 15 mg of iron 
per day.6，7，8 Fifty per cent of this is processed into soluble form, 3 mg being 
taken up by mucosal cells of the gastrointestinal tract and about 0.9 mg 
transferred into the plasma.9，i。It has been estimated that 1.0 mg/day is the 
daily requirement, n Iron is lost from the body in the desquamated epithelial 
cells of the gut, excretion from the kidney, and from the skin. In addition, iron 
losses during menstruation may be 1.0 mg/day or more. Variations in iron 
requirement exists in other conditions, such as bleeding, and iron overload. 
c 
During pregnancy, the daily requirement in the second or third trimester is 
approximately 4-6 mg per day.^ ^ 
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When the body iron stores are depleted, there is increased 
absorption to a maximum of 3-4 mg/day. This falls to less than 0.5 mg daily 
when there is iron overload/斗 
2.1.2.2 Absorption 
Iron absorption is primarily in the duodenum and proximal 
jejunum. iron is processed into an absorbable form as it passes through the 
gastrointestinal tract, where heme which is present in meat as haemoglobin, 
myoglobin, and heme enzymes, is well absorbed. The iron is freed from the 
porphyrin ring of the heme after it has been taken up from the intestinal lumen 
into the mucosal cell.7’i7’i8 Non - heme iron, the remainder of iron, which 
is present in different chemical forms in foods, is also available for absorption. 
However, the amount of iron absorbed depends on the degree of ionization of 
iron within the lumen of the gastrointestinal tract. ^ ^ 
Three important factors,are responsible for the regulation of iron 
absorption. The first factor is the amount of body stored iron. In general, 
when iron stores are depleted, iron absorption increases, and vice versa. 
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Recently, McLaren^ showed that the concentration of serum ferritin is 
inversely proportional to the rates of mucosal iron uptake and mucosal iron 
transfer. However, the retention rate is not affected. This suggests that the 
control of iron absorption is mediated by regulation of mucosal iron uptake 
which is affected by total body iron stores. The second factor is the rate of 
erythropoiesis. A study by Peters^ ^ indicated that chronic hypoxia may 
enhance intestinal iron absorption, by increasing the mucosal iron uptake. 
Increase in red cell production results in enhanced iron absorption whereas a 
decrease in erythropoietic activity leads to reduction in iron absorption. In 
addition, the amount of ingested iron may influence the regulation of iron 
absorption; under the condition of excessive amount of iron taken orally, iron 
absorption can be elevated. 
2.1.2.3 Transportation - Role of transferrin in iron transport 
There is about 20 mg of iron in active exchange and transport 
normally mediated by transferrin.^ Transportation can be found between the 
intestine and the liver; the reticuloendothelial system and the transportation 
pool; the storage compartment and the bone. 
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Transferrins are iron-binding glycoproteins. There are two sites 
on each molecule for the binding of ferric ion. There are bicarbonate ions on 
the C- and N- terminal sites.^ The bicarbonate acts as a lock to keep iron in 
place on the transferrin molecule•妇 The half life of iron in humans is 1-2 
hours while that of transferrin in normal circulation is about 8 days. A 
molecule handles 100 or so cycles of iron transport during its lifetime.^ 
The transferrin uptake at cellular membrane level is known as the 
transferrin c y c l e . Under this situation, the membrane receptor for 
transferrin takes part in endocytosis and removal of iron and exocytosis. The 
erythrocytes are the main site of plasma transfenin-bound iron. The immature 
erythrocytes absorb the iron and are responsible for the synthesis of 
haemoglobin. There is only a slight amount of the remaining transferrin-bound 
iron transferred to the hepatocytes, where the iron is stored in the form of 
haemosiderin and ferritin. The released iron is incorporated into the 
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A soluble store of iron within body cells is ferritin. It consists of 
an apoprotein shell (molecular mass 480,000 kDa) enclosing a core of iron. 
The capacity of the core may be up to 4,500 iron atoms in the form of ferric 
hydroxy-phosphate. There are 24 subunits of two types - H and L in a protein 
shell.26 In human ferritin the L-subunit contains 174 amino acids (molecular 
mass approximately 19,000 kDa) whereas the capacity of H-subunit is larger, 
with 178 amino acids (apparent molecular mass approximately 21,000 kDa ). 
The sequences of H and L have the same conformation^^ There is 55% 
homology between H and L of the same species while the homology between 
L-subunits from different species is in the order of 85%. In a ferritin subunit, 
five helices (A-E) and a long inter-helical loop L are found. The N-terminal 
residues are on the outside of the assembled protein, the C-terminal end is 
inside the shell. 
The H-rich isoferritins are more acidic (pi 4.5-5.0) in nature. 
They are present in the heart, red cells, lymphocytes, monocytes, HeLa cells 
and other cultured cells" L-rich isoferritins are more basic (pi 5.0-5.7) and 
exist mainly in the liver, spleen and placenta. Ferritin genes have been 
clonecP. Also, it is known that there are at least 15 copies of the human H-
gene only one of which is expressed.The remainder do not contain 
11 
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introns and are presumably processed pseudogenes. In human L-gene, there 
are at least five copies.^ ^ The expressed L-gene is on chromosome 19 (19ql3-
ter) and the H-gene is on chromosome 11 (Hp). 
The major function of ferritin is to provide an intracellular store 
of iron. This store may be used for synthesis of iron-containing proteins when 
necessary. Although little is known about the release of iron from ferritin in 
vivo, ferritin can be reconstituted in vitro from apoferritin (Fe "^^ ) in the 
presence of an oxidizing agent. The process involves the catalytic reaction by 
iron-binding sites on the protein surface and formation of an iron core^ .^ As 
a small nucleus of iron has been formed, oxidation of iron goes forward at the 
shell of the iron core.�】 Hanison^^ summarized the reactions of potential 
metal-binding sites on apoferritin. 
For studying ferritin further at the molecular level, a number of 
properties of ferritin should be mentioned:^ ^ 
(a) regulation of ferritin synthesis; 
(b) regulation and mechanism of ferritin degradation; 
(c) difference in the rate of iron uptake and release between H- and L-rich 
isoferritins; 
12 
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(d) inhibition of granulocyte-macrophage progenitor cells (CFU-GM); and 
(e) nature of glycosylation in serum ferritin. 
Haemosiderin 
Haemosiderin is an amorphous water-insoluble deposit ofhydrated 
iron oxide. It is a degradation product of iron micelles which then forms 
insoluble intracellular iron-containing granules. This happens in 2 situations : 
(a) local breakdown of red cells in tissues; and 
(b) visceral siderosis. 
Iron deposition as haemosiderin is seen in the liver, spleen and 
sometimes in the kidneys. In the iron-loaded tissues, haemosiderin is 
demonstrated by the Prussian Blue positive reaction which is visible easily 
under light microscopy. Under the electron microscope, haemosiderin 
aggregates as heavy and irregular electron-dense particles. These have the 
appearance of the regular iron particles of 6 nm diameter. There is evidence^^ 
to suggest that haemosiderin iron shows considerable chemical similarity to 
ferritin iron. It reacts with antibodies to ferritin. However, the mechanism of 
ferritin breakdown to form haemosiderin remains unclear. 
13 
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2.2 mON OVERLOAD 
2.2.1 AETIOLOGY 
Haemochromatosis is a general descriptive term for patients who 
have iron overload leading to tissue and organ damage. Haemosiderosis is a 
state of iron overload without tissue damage. Primary (genetic) 
haemochromatosis, (bronzed diabetes), is a homozygous genetic disorder of 
iron metabolism, where the absorption of iron is virtually uncontrolled resulting 
in overloaded of iron deposited as haemosiderin in principally the liver and 
many organ in the body. Patients exhibit the classic triad of cirrhosis, diabetes 
mellitus and skin pigmentation. In secondary haemochromatosis, there is a 
state of iron overload, due to a variety of causes. 
Table Lists the classification of iron storage disease. 
Table 1. Classification of iron overload 
Genetic haemochromatosis 
Iron overload associated with chronic anaemia 
-Increased absorption (ineffective erythropoiesis with marrow 
hyperplasia) 
-Multiple transfusion (marrow hypoplastic) 
-Combination of increased abisorption and transfusions 
Iron overload associated with high dietary intake 
Iron overload associated with alcoholic and other types of cirrhosis 
Miscellaneous conditions 
14 
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2.2.2 PREVALENCE 
Haemochromatosis, the genetic iron storage disease, is inherited 
as an autosomal recessive trait. Without any treatment of the homozygous 
disease, it will lead to a fatal outcome due to diabetes, cirrhosis, 
cardiomyopathy or hepatocellular carcinoma. Early diagnosis and phlebotomy 
before the onset of cirrhosis results in normal life expectancy. 
The frequency of haemochromatosis from autopsy studies showed 
a prevalence of 0.2%35，or less.^ ^ Recently, studies related to HLA typing 
of patients with haemochromatosis indicate the prevalence is higher, 0.79% 
amongst the Australian p o p u l a t i o n , 0.5% in the Utah population^® and there 
is 0.3% in the Canadian popu l a t i on ) ; The above studies suggested 
haemochromatosis may be one of the common autosomal recessive diseases in 
Caucasian populations. Investigation from Sweden reported a prevalence of 
0.5% in man•恥 Also, another study from Sweden found that there was a 
0.073% prevalence of individuals with transferrin saturation greater than 
60%4i. In a Finnish study, individu^d with transferrin saturation higher than 
70% gave a prevalence of 0.05 These studies suggest differences in gene 
frequencies in different areas of Scandinavia. A prevalence of 1.2% was found 
15 
Quantitation of Iron in the Liver, Pancreas and Heart of Hospital Patients in Hong Kong 
in World War 11 veterans over 58 years old of cases with transferrin saturation 
of more than 55% or serum ferritin concentration exceeding 700/ig/l/^ In 
South Africa, a prevalence of 0.67% was reported by using serum ferritin 
concentration alone. 
2.2.3 MECHANISM 
In mammals, there is no specific way for excretion of excessive 
iron, and iron overload may happen in three different routes^ '^ 
1. Increased adsorption of iron from normal dietary intake: 
(1) This is the unique mechanism which occurs in genetic 
haemochromatosis due to excessive iron via the absorption from a normal diet. 
It occurs also in other conditions which upregulate absorption (e.g. increased 
erythropoiesis) and in some conditions，the mechanism is unknown. 
(i) hereditary haemochromatosis 
(ii) iron loading anaemias with ineffective erythropoiesis -
e.g. sideroblastic anaemia, thalassaemia. 
(iii) chronic liver disorder - e.g. alcoholic cirrhosis 
(iv) congenital defect - e.g. atransferrinaemia 
16 
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(2) from increased dietary iron - e.g. African dietary overload 
2. Parenteral administration of excess iron 
(1) either as therapeutic iron compounds or 
(2) as blood transfusions 
In patients with transfusion history, as in the management of chronic aplastic 
or hypoplastic anaemias, the increased of gastrointestinal absorption is smallest 
in amount, (since erythropoiesis, a potent of stimulator of increased Fe 
absorption, is suppressed). 
3. A combination of the increased dietary absorption and excessive 
parenteral administration 
This happens in chronic anaemias associated with increased erythropoiesis & 
Fe therapy and is characterized by 
(1) ineffective erythropoiesis and 
(2) a hyperplastic bone marrow -
e.g. thalassaemia major, sideroblastic anaemias. 
2.2.4 PATHOLOGY OF IRON OVERLOAD 
17 
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i.4.1 Increased absorption of iron from the diet 
1 • Increased absorption from normal diet 
(1) Genetic haemochromatosis 
In this situation, haemosiderin is first deposited in peripotal hepatocytes. 
This deposition may result in a cruciate - like pattem^^ of distribution around 
the portal tract. A similar pattern may be seen in heterozygotes. At this stage, 
the liver architecture is not disturbed, and Kupffer cells do not show any 
excessive iron deposition. 
The deposition of iron in parenchymal cells increases with age. 
Deposition gradually spreads from periportal hepatocytes towards the 
perivenular zones. At this stage, some Kupffer cells and occasional portal tract 
macrophages are loaded with haemosiderin. With this accumulation of iron, 
fibrosis develops around portal tracts. This gradually extends to demarcate 
discrete33 nodules. A pattern of massive iron deposition in regenerative 
nodules, and preserved lobules is characteristically seen in cases"^ ^ of 
untreated primary haemochromatosis. This distorted pattern of architecture is 
similar to that seen in biliary cirrhosis.幼 
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The clinical, biochemical and pathological manifestation of genetic 
haemochromatosis occur only in homozygotes. The youngest patient who was 
reported47 t。have had this disease was a male aged 13. Changes are found 
in the liver at an earlier age and Bassett et al^ ^ reported that there is more 
prominent deposition in males than in females. 
However, up to 25% of heterozygotes^^ will express abnormal 
biochemical results associated with an increase in hepatic iron. Results from 
biopsies of heterozygotes49 show normal hepatic structure but increased 
deposition ranging from 0 to 2+ in periportal hepatocytes. The hepatic iron 
concentration is in the range of 10-68 /xmol/g dry weight (reference range : 5-
40 ^mol/g dry weight). There is no progression in the degree and distribution 
of hepatic iron.^ ^ Thus details of a patient's age, sex and biochemical 
investigations should be taken into account at the same time. 
(2.) Iron overload in alcoholic and other types of cirrhosis 
The association of excessive alcohol intake with haemochromatosis 
ranges from 15%^ to 41%.51 Dubin^^ was the first one who considered 
that alcohol-induced damage may have a significant outcome on hepatic iron 
deposition in haemochromatosis. 
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33 
In these patients, a pattern of microncxiular cirrhosis is usually noted. 
Recent evidences indicates that the concentration of hepatic iron is higher in 
non-alcoholics with genetic haemochromatosis than that in alcoholics. It is 
suggested that alcohol may have a role in the distribution of the iron 
deposition.53 Conversely, it is not uncommon to find some degree of hepatic 
siderosis in cirrhotic pat ients ,but it is frequently mild?\ 
Although the mechanism by which increased iron absorption occurs in 
alcoholics is unclear,^ ^ it has to been suggested that both high iron 
concentration in alcoholics^^ and promotion of iron absorption by alcohol may 
be the cause oP the excessive iron deposition. There is other evidence⑷ to 
suggest that alcoholics with massive iron accumulation usually have genetic 
haemochromatosis. 
(3.) Congenital defect: 
Atransferrinaemia, is a rare disorder. Affected children develop a 
chronic hypochromic anaemia complicated by massive iron deposition^^ in the 
liver, pancreas, spleen, and heart. ^ Children who have received multiple 
transfiisions and showed an increased absorption of iron from the gut have been 
reported in some cases. This reflects the mechanism of iron overload is due 
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to both increased absorption and parenteral administration. 
2. Iron overload associated with excessive iron intake of dietary iron. 
Iron storage disease has been reported in non-anaemic patients who 
ingested excessive amount of iron.^ '^^ ^ The most extensively studied gris 
black South Africans whose excessive dietary iron弘 come from the beer 
containers and cooking utensils. In them, there is excessive iron deposited in 
systemic organs, such as, liver, spleen^ ^ and bone marrow. 
In the liver of these patients, iron is deposited in periportal areas in 
macrophages, Kupffer cells, and hepatocytes and small amounts are seen in the 
biliary epithelium. Also, fibrosis develops as hepatic iron concentration 
increases 严 67 
2.2.4.2 Parenteral administration of excess iron 
Regular transfusions are the therapy of choice for some chronic 
anaemias, and in aplastic anaemias. The increased gastrointestinal tract 
absorption in this setting is not h igh , and the main source of the excess iron 
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deposition is due to the transfusion of blood.^ ^ In cases of transfusion 
exceeding 10-15 units of blood, the amounts of iron in parenchymal cells may 
be increased .70 
Schafer et alP reported that organ dysfunction similar to that in 
genetic haemochromatosis is seen in short-term iron transfusion. The histological 
pattern of iron overload after multiple transfusions resembles that seen in genetic 
haemochromatosis. However excessive iron is also stored in Kupffer cells, and 
macrophages in the spleen, bone marrow and lymph nodes7^  Indeed the heavily 
laden Kupffer cells cluster around the portal tracts." This is different from the 
pattern in genetic haemochromatosis. Fibrosis is usually not marked even if the iron 
deposition is massive. 6。 
.4.3 Increased iron absorption combined with transfusional 
overload 
Iron deposition occurs even without transfusion therapy, probably 
the result of a slight increase in absorption.^ ^ Severe iron overload may occur 
with 6 thalassaemia minor，?� mild sideroblastic anaemia, hereditary 
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spherocytosis，74 and congenital pyruvate kinase deficiency.75，76 Iron 
deposition may also occur in patients who have not received multiple 
transfusions, possibly the result of increased absorption.^ ^ 
Some chronic anaemias, such as thalassaemia major and 
sideroblastic anaemias，了了 are characterized by ineffective erythropoiesis with 
hyperplastic marrow and a high plasma iron turnover. There is increased iron 
absorption from the gut which contributes to the iron overload. In 
thalassaemia78，the intensity of the fibrosis is associated with both hepatic iron 
concentration and the duration of iron deposition. The architectural changes are 
seen in the cirrhosis of genetic haemochromatosis.^^ 
2.2.4.4 Miscellaneous conditions 
Iron overload associated with chronic renal failure 
There is a trend towards treating the anaemias of renal failure 
with intermittent blood transfusions. Such patients show a mild increase in 
hepatic iron distributed mainly in sinusoidal lining cells and hepatocytes.^ ^ 
Furthermore, there is recurrent blood loss from haemodialysis leading to losses 
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of body i ron . Under these circumstances, the use of parenteral iron in long 
term treatment or blood transfusions^^ can induce iron overload. 
Iron overload in porphyria cutanea tarda (PCX) 
The pattern of iron overload of liver in PCT '^^ ^ is 
characterized by mild deposition in periportal hepatocytes and Kupffer cells. 
Massive iron deposition is reported s p o r a d i c a l l y 产 ， 8 5 Some patients appear 
to have coexisting alcoholic liver disease.秘 Felsher and Kushner^ ^ reported 
that increased iron absorption from the diet led to hepatic siderosis in PCT, 
although the mechanism was not determined. Kuntz et al朋 suggested association 
with MHC class I antigens A3 and B7. 
Iron overload after portacaval shunt 
Coim89,如 reported a three - fold increase in iron deposition in 
the livers of cirrhotic patients after portacaval anastomosis. However, Koff 
et al9i found only minimal alteration in both the degree and distribution of hepatic 
iron after such operations. 
2.2.5 CLINICAL PRESENTATION 
Clinical manifestations of genetic haemochromatosis usually 
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develop between 40-60 years. The classical presentation is cirrhosis of the 
liver, skin hyperpigmentation, and diabetes mellitus. The liver is generally the 
first organ to be involved. Increased skin pigmentation develops in 80 to 90 
percent95 of patients. Diabetes is apparent approximately 65 percent^ ^ of 
patients. Hypogonadism and small joints swelling are usual. Arthropathy 
affects 25 to 50 percent^ ^ of patients and cardiomyopathy occurs in the late 
stages of the disease in about 15 percent^ ^ of patients. 
2.2.6 EFFECT OF IRON OVERLOAD 
2.2.6.1 Role of iron in lipid peroxidation 
Iron toxicity is thought to be mediated through oxygen derivatives. 
The conversion of hydrogen peroxide into hydroxyl radicals ( Haber-Weiss 
reaction) is increased if there is more free iron than usual.^ '^^ ^ Such radicals 
are highly damaging and probably explain the mechanism of acute iron 
poisoning toxicity. They act by increasing in lipid peroxidation. 
Lipid peroxidation is well documented in chronic iron loading. 
For example increased malonylyldialdehyde (MDA) concentrations, the 
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breakdown product of lipid peroxidation, are found in organs from thalassaemic 
patients and from laboratory animals with iron overload.^，巩^⑴，⑴！，！的 
Furthermore, the demonstration of increased conjugated dienes in tissues, and 
increased excretion of pentane in iron-loaded animals is also reported 严 
Increased lipid peroxidation is reported after rapid iron loading in and 
in vitro in human hepatic microsomes. 
2.2.6.2 Iron and neoplasia 
Sussmanio7 suggested that increased serum ferritin levels can 
be used as a marker for a number of malignancies. Elevated serum ferritin 
levels have been reported in hepatic, and pancreatic cancers. 
108,109,110,111,112,113,114,115,116,117 丁 j^ e causc of thcse high serum 
ferritin level is unknown, but inflammation, iron nutrition, necrosis of 
hepatocytes and synthesis of ferritin by malignant cells may play a role. 
2.3 ASSESSMENT OF IRON OVERLOAD 
2.3.1 NON-SERUM PARAMETER 
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2.3.1.1 Localization of stored iron 
Ferritin and haemosiderin are the iron storage compounds in the 
body. When they react with acid ferrocyanide solutions, they will give a 
positive Prussian blue reaction. This is the basis of the Perls' stain and it 
displays a high sensitivity and specificity.^'' With this stain, ferritin is seen 
to be distributed homogenously throughout the cytoplasm and gives bluish 
colour. Iron in hepatocytic siderosomes, is characteristically distributed in a 
linear pattern along the canaliculi.^'^ In the liver in iron storage diseases， 
the siderosomes are present in both the parenchymal and the sinusoid-lining 
cells.33 In genetic haemochromatosis there extensive deposition in parenchymal 
cells with relatively small amounts in Kupffer cells. 
Chemical measurement of tissue iron concentration plays a central 
role. It is the standard method of determining iron concentration, but visual 
assessment by a Perls' staining technique on the tissue section also reflects the 
degree of iron stores. A 0-4+ grading system have been reported by Scheuer 
et al.i2o In this system，low and high grades were illustrated by photos 
various magnifications but there were no accompanying detailed descriptions. 
The application of this grading method is limited in assessing iron in 
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hepatocytes only and does not consider iron deposition in non-epithelial cells 
33 
Discrepancies between the histological estimation of the hepatic 
iron using this grading criteria with chemically measured tissue iron 
concentrations have been reported. Walker et al⑵ stated that there is no 
correlation between histological assessment and chemical measurement, while 
Barryi22 found a non-linear relationship. 
A different way to histologically quantitate the amount of hepatic 
iron was proposed by Conn如.He also proposed 0-4+ grading system by 
assessing the size of haemosiderin granules, and the percentage of iron 
containing cells. A potential advantage of this method is that iron in sinusoid-
lining cells and portal tract macrophages^^  is assessed. However, there was no 
demonstrable correlation with chemical measurement of tissue iron•如 
More recently, another 0-4+ grading system was put forward. 
The method assesses the degree of iron distributed in parenchymal cells in 
sinusoidal lining cells and in the fibrotic areas. There is a good correlation 
with chemical measurement of hepatic iron c o n c e n t r a t i o n ^ and it is 
applicable to automated image analysis. 
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Finally, Rowe et al proposed another method•以 This method 
was summarized in a useful tabular form by Searle^^  which is presented in 
Table 2. 
Table 2 Histological grading^] of iron storage 





Granules absent or barely discernible 
Barely discernible -
Easily confirmed -
Discrete granules resolved -








or naked eye 
The advantage of this approach is that it considers all cells 
containing iron in the liver. Subjective estimation during assessment can thus 
be avoided and the percentage of iron containing cells can be taken into 
consideration. 
The magnifications are used for assessing the quantity of visible 
discrete iron granules. Grades of less than 4+ are represented by the 
magnification at which discrete iron granules can be revealed, and not the 
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lowest magnification at which a positive Prussian blue reaction can be seen with 
an effort.33 Consistent results were obtained when employed by different 
observers. In this system, the criteria is that of the grades 0 and 1+ are 
assigned for normal limits, that is the chemical measurement of tissue iron 
concentration is between 5-40 jL^ mol/g dry weight. While grade 2+ represents 
a slightly33 increased amount of iron, especially in patients with haemosiderin 
is present exclusively in parenchymal cells. The grades 3+ and 4+ denote an 
increased amount in hepatic iron concentration in range of 130-850 /xmol/g dry 
weight^l Sometimes, this may be presented in cases with hepatic iron 
concentration at the upper limit of normal^ .^ 
2.3.1.2 Morphometric assessment of hepatic iron in liver biopsy 
Morphometric assessment of hepatic iron deposition has been 
proposed.⑵ The morphometric hepatic iron index [(MHI) = A (%) / age 
(years) x 100], is the ratio of the hepatic iron concentration to the age of in 
years the subject. The hepatic iron concentration (A) is percentage area of the 
liver containing iron and is calculated by the use of a microcomputer image 
analysis system. The index provides a useful marker of iron overload. A 
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value of 1.9 suggest the subject has genetic haemochromatosis whilst the 
hepatic iron index in heterozygous is usually less than Bassett^ ^^  et al 
showed that a hepatic iron index of 2.0 could distinguish between genetic 
haemochromatosis and alcohol associated iron overload. In addition, they 
demonstrated a linear relationship between the morphometric and biochemical 
measurement of hepatic iron in genetic haemochromatosis (GH). Furthermore 
they claimed that morphometry can differentiate between GH and other types 
of hepatic siderosis. 
For genetic haemochromatosis, iron accumulation is age-related. The 
increase in hepatic iron is approximately 5 fxmol/gm weight/year in 
homozygotes and is 0.9 /imol/gm dry weight/year in heterozygotes/^^ Thus， 
lower values in the young may be consistent with homozygosity, and higher 
values in the elderly are consistent with heterozygosity. 
2.3.1.3 Hepatic iron concentration 
Measurement of hepatic iron concentration is the most objective 
method of accessing stored iron.!�？ Hepatic iron concentration can be 
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determined chemically by atomic absorption spectrophotometry. Normal 
hepatic iron concentrations range from 5 to 40 umol/g dry weight (mean 
15/xmol/g).i27 In advanced haemochromatosis, the hepatic iron concentration 
is usually above 150 umol/g dry weight, i!， 
2.3.1.4 Atomic absorption spectrophotometry 
The essential components of an atomic 
a source with emission lines of the species to be 
burner, a monochromator, and a system to measure 
spectrophotometer include 
determined, an atomizer-
the power of the detector. 
The principal of atomic absorption^^^ is based on the ability of 
unexcited atoms to absorb the radiation emitted by excited atoms of the same 
element. The number of atoms in the ground state is larger than the number 
of excited one. This means that the atom is at a low energy level in which it 
absorbs radiation at a very narrow range corresponding to its own line 
spectrum. An atomizer-bumer is employed to aspirate a solution of the sample 
into a flame. Metal atoms absorb obviously at discrete characteristic 
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wavelengths which coincide with the emission spectra of the metal in question. 
A fine mist of the sample is changed into an aerosol. It is then injected into a 
flame which converts the sample into an atomic and molecular vapour. The 
atomic vapour absorbs radiation from a hollow cathode lamp at specific 
wavelengths. This beam thus traverses the flame and is focused on the slit of 
a monochromator, which is set to read the intensity of the chosen spectral line. 
Light with this specific wavelength is absorbed by the metal in the flame and 
the degree of absorption is a function of the concentration of the metal in the 
s a m p l e . 129 Through the process of absorption, it is nearly temperature-
independent. Since the unique specificity of the wavelength from the hollow 
lamp, these methods are highly specific for the element being measured. 
2.3.1.5 Hepatic imaging studies 
More recently, computer assisted tomography and magnetic 
resonance imaging procedures have been suggested as alternative, noninvasive 
methods for evaluating the degree of iron overload. A superconducting 
quantum interference device (SQUID) susceptometer is employed to detect the 
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change of strength and direction of the magnetic response produced by the 
deposited ferritin and haemosiderin in the liver. i劝’⑶ 
However, such methods do not accurately predict hepatic iron 
concentrations. They are not routinely performed nor are they cost-effective. 
The definitive diagnosis of haemochromatosis still depends on quantitative 
hepatic iron concentration measurement and histological evaluation of liver 
biopsy .132 
2.3.2 SERUM PARAMETERS 
2.3.2.1 Serum ferritin measurement 
The normal value of serum ferritin ranges from 12 to 300 /xg/liter. 
The advantage of using ferritin measurement in assessing iron load is because 
it not only measures the amount of stored iron but also reflects the transient 
form of deposited iron. From an epidemiological point of view, it can provide 
* 133 
useful information on the iron status of various population groups. 
Employing serum ferritin measurements to screen for iron deficiency 
anaemia, 1讨 haemochromatosis,^ ^^ and neoplasms such as hepatocellular 
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carcinomai36 has been suggested. 
Many researchers have advised that serum ferritin levels be used 
as an index of iron storage. Bassett^ '^' has demonstrated that serum ferritin 
levels rise with age. As such, reference ranges for younger subjects may not 
apply to the e l d e r l y I t is not known whether the age -
related rise in serum ferritin concentrations represents a physiologic 
phenomenon. 141 Other studies suggest that serum ferritin levels are 
influenced by gender with males having a high level.i42，'43’'^^,'^ 
Bassetti47 has indicated that serum ferritin levels have a high 
degree of specificity (95%), sensitivity (85%), accuracy for positive (88%) and 
negative prediction (94%) in screening for genetic haemochromatosis. From 
the results of various s t u d i e s / ^ ' i ^ v s o both transferrin saturation and 
serum ferritin have displayed a high of sensitivity and specificity in the 
detection of homozygotes and are considered reliable tests. 
In addition, high serum ferritin concentration is associated with 
iron overload/51 and studies have demonstrated it correlates well with hepatic 
iron concentration, liver disease, infection, or inflammation. 
35 
Quantitation of Iron in the Liver, Pancreas and Heart of Hospital Patients in Hong Kong 
Unfortunately, as noted above, there are causes of 
hyperferritinaemia other than iron storage disease. This emphasises the 
necessity of liver biopsy in diagnosing iron storage disease. 
2.3.2.2 Serum iron 
Serum iron levels are usually measured colorimetrically. In men, 
the normal range is between 80 - 150 mg/dl, and slightly lower than that in 
women, 70 to 130 mg/dl. ^ ^^  Serum iron concentration displays a diurnal 
variation with higher values in the morning as compared to in the evening. At 
least one study^ ^^  has found that the serum iron concentration has low 
sensitivity and accuracy for prediction of iron overload. 
2.3.2.3 Total iron binding capacity (TIBC) 
Iron-binding capacity is expressed as the quantity of excess iron 
that serum transferrin can bind. Blood for investigation of serum iron and iron-
binding capacity should be drawn in the morning, in the fasting state, and 24 
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hours or more after discontinuing iron-containing medications. Levels for fully 
saturated transferrin range between 300 and 360 fig of iron/dl. 
2.3.2.4 Transferrin saturation 
Transferrin saturation is the ratio of serum iron to total iron 
binding capacity and is expressed as a percentage. The normal range is 
between 20 and 45 percent. It value as an indicator of iron overload has been 
addressed by various investigation. Edwards i紐 et found that a saturation 
level above 62% could accurately predict 92% of cases of genetic 
haemochromatosis. Borwein et flZ识 and Bassett et aF^ suggested that a 
transferrin saturation of 55% is the best indicator. 
An abnormality in iron metabolism is first reflected in a change 
of transport iron. Therefore, increase in transferrin saturation can indicate iron 
overload at an early stage of the disease. When whole-body iron levels are 
low, transferrin levels tend to increase with low serum iron, high TIBC，and 
low saturation. 
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Increases in transferrin saturation may occur in the setting of 
inflammatory disease or infection and may be a source of false _ positive 
results.^ ^^  False positive results are also obtained 
and when samples are drawn at random times. 
in non •fasting individuals 
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SECTION 3 
MATERIALS AND METHOD 
3.1 SUBJECTS 
3.1.1 SOURCE OF TISSUE SAMPLES AND CASE SELECTION 
In this study, post mortem liver, pancreas, and heart sections were 
obtained from autopsies performed at the Prince of Wales Hospital, Shatin， 
Hong Kong, in the year of 1988. The study group comprised 253 post mortem 
cases (91 female and 162 males). All subjects were 20 years of age and older. 
3.1.1.1 The controls 
The control tissue (liver, pancreas and myocardium) was obtained 
from autopsies performed on subjects who died within 48 hours of an accident 
or poisoning. 
3.1.1.2 The transfusion group 
This group was chosen from screening the clinical notes. Cases 
with a history of transfusion in the 12 months preceding death were included. 
The date of the transfusion and the number of blood units given were recorded. 
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3.1.1.3 The non-transfusion group 
This group was composed of the remaining autopsies performed 
in year 1988 (i.e. total autopsies minus control group minus transfusion group). 
3.1.1.4 The total group 
This represented the total number of autopsies cases in year 1988. 
It included the controls, the transfusion group, and the non-transftision group. 
METHODS 
Each case was studied by conventional light microscopy after 
haematoxylin and eosin staining, and Perls' stain. 
The liver sections were examined using Rowe's grading system. 
Two different approaches were applied to assess the distribution of the stainable 
iron in hepatocytes and Kupffer cells. All slides were assessed by 
two persons and examined at the same time. The results were recorded 
separately and cross-correlated after each slide. 
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The first approach was to assess stainable blue discrete granules in the 
liver sections so as to obtain one value per slide, such as 0，1+，2+, 3+ or 4+. 
This will be referred to as Method 1 in this thesis. 
The second approach was to assess stainable blue discrete iron to be 
expressed in terms of each specific magnification together with the percentage 
area. This will be referred to as Method 2. Thus, under four different 
magnifications there were four different percentage areas for each section of the 
liver, the endocrine and exocrine pancreas, and the heart. The presence of 
macrophages clusters as well as stainable discrete haemosiderin granules in the 
biliary epithelium were also examined in each section of the liver. The 
histological assessment of iron deposition by Method 2 in the liver was 
expressed in the numerical scores using increasing magnifications with the 
percentage area at each particular magnifying power. The scores were 
correlated with chemical measurement. As each magnifying power correlated 
with a grade in Rowes’ method, an estimate as to the percentage of cells -
hepatocytes and Kupffer cells separately - of each grade was made. This was 
achieved by assessing the higher grades first then working through to the lower 
grades at higher magnification. The sum of the percentages for each grade 
should then approximate the estimation of the total area of hepatocytes and 
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Kupffer cells containing visible iron granules. 
Using both Methods, hepatocytes and Kupffer cells in the liver sections 
were assessed separately. 
Hepatic tissue blocks containing carcinoma were excluded in chemical 
measurement. Sections were cut as described in (3.2.2.1). Paraffin was 
removed (3.2.2.2), liver iron was extracted (3.2.2.3), and iron concentration 
was measured chemically by atomic absorption spectrophotometry (3.2.2.4). 
Iron atomic absorption standard stock solution 1010 /xg/ml in 1 % HCL 
(SIGMA - St. Louis, U.S.A.) was used to prepare three working standard 
solutions of 0.339 /xmol/1, 0.678 /xmol/1 and 1.359 /xmol/1 to set up the standard 
curve. 
In order to assess the precision of the method, 18 cases were measured 
in duplicate. To eliminate inter-batch errors, tissue iron concentration of all 
99 cases were determined on the same day. 
Tissue blocks from postmortems were used in this study because 
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they were readily accessible 
they provided enough tissue to assess iron storage by histologic and 
chemical means and to correlate the accuracy of assessment of degree 
by 2 different histologic methods 
examination of other tissues allowed assessment of iron storage in other 
organs - namely heart and pancreas which in turn allowed an insight into 
iron storage in other tissues and the correlation of this with iron storage 
in the liver 
t 
in cases with apparent excessive hepatic iron storage, the distribution of 
the iron could give an indication as to the likely aetiology (at least in the 
broad sense) 
post mortem hospital cases tend to have reasonable clinical 
documentation 
the sequential non-selective nature of case selection by autopsy was 
likely to present a reasonably random sampling of the general 
population. 
it allowed, potentially at least, the opportunity of having a central group 
which died, not of chronic disease, but acutely of accident or poisoning 
as compared to the general hospital population (as it is not known what 
effect this factor would have on iron storage). 
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3.2.1.1 
HISTOLOGICAL METHOD 






(C.I. 75290 BDH Chemical Ltd. Poole England) 
1 % (V/V) acid alcohol 
conc. HCl 1 c.c. 
70 % alcohol 100 
1 % (W/V) eosin in 1 % (W/V) calcium chloride 
(eosin : C.I. 45380 BDH Chemical Ltd. Poole England) 
Scott's water substitute 





Deparaffinize and bring to water. 
Stain in Harris's haematoxylin for 20 minutes. 
Wash in water and blue in Scott's tap water substitute. 
Examine microscopically to confirm sufficient degree of staining. 
Remove excess stain from cytoplasm by differentiating in acid alcohol 
for 10-20 seconds. 
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5. Wash in water. 
6. The blue colour can be regained by treating with the Scott,s tap water 
substitute. 
Check microscopically to make sure only the nuclei are stained. 
7. Wash in water for 1 minute. 
8. Stain in 1 % eosin for 1 minute. 
9. Rinse quickly in water. 
10. Differentiate eosin in 70 % alcohol. 
11. Dehydrate, clear and mount. 
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Solution A : 2 % Hydrochloric acid 1 part 
Solution B : 2 % Potassium ferrocyanide 1 part 
Both solutions were freshly prepared for each time of staining. 
Neutral Red : 1 % aqueous solution 






Deparaffinize and bring to water. 
Rinse well with double distilled water. 
Treat with equal parts of the solution A and B for 25 minutes. 
Wash in distilled and tap water separately. 
Counterstain nuclei with neutral red for 5 minutes. 
6. Dehydrate, clear and mount. 
Results 
Haemosiderin and ferric salt - Blue 
Nuclei red 
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Degree of visibility of 
Haemosiderin in Perls' Stain 
Granules absent 
or barely discernible 
Barely discernible 
Easily confirmed 
Discrete granules resolved 









or naked eyes 
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1.4 Method 
Grading 
Degree of visibility of 





or barely discernible 
Barely discernible 
Easily confirmed 
Discrete granules resolved 








or naked eyes 
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•.1,5 Method 2 Estimation and grouping of % area 
Principle : 
1. The % area in the area of tissue occupied by stainable blue discrete iron 
granules in relation to the total area of tissue section (not individual cell) at 
different magnifications. 
The % area containing blue discrete iron granules at a particular magnification 
is the AVERAGE of the whole section estimated at that magnification. 
The sum of the % positive area of a section containing discrete haemosiderin 
granules at the 4 different magnifications cannot be more than 100%. (The 
whole section is considered as 100%). 
Starting at scanning power for 4+，then progressing through the higher 
magnifications, the percentage of hepatocytes and Kupffer cells was separately 
SUBJECTIVELY ESTIMATED (see procedure over). 
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2. Grouping of % area 
Group 0 : negative, no blue discrete iron granules, 0%. 
Group 1 : positive with blue discrete iron granules, > 0% 
Group 2 : positive with blue discrete iron granules, 30% -
Group 3 : positive with blue discrete iron granules, >70%. 
< 30% 
70%. 
As the percentage cells is a SUBJECTIVE ESTIMATE and could not be made 
accurate without sophisticated image cytometry, the percentages were grouped 
into these groups. In the same way that a SUBJECTIVE grading system can 
be made reproducible by broad groupings, the grouping of percentage of cells 
is also more likely to be made reproducible. 
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Under x 1 objective (i.e. 4+ iron grading in Method 1). 
Estimate the amount of area in % occupied by blue discrete iron 
granules in the relation to the whole section. 
Under x 4 objective (i.e. 3+ iron grading in Method 1). 
Estimate the sum of % area with 4+ and 3+ blue discrete iron 
granules. 
Under x 10 objective (i.e. 2+ iron grading in Method 1). 
Estimate the sum of % area with 4+，3+ and 2+ blue discrete iron 
granules. 
Under x 20 objective (i.e. 1+ iron grading in Method 1). 
Estimate the sum of % area with 4+，3+，2+ and 1+ blue discrete iron 
granules. 
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Method 2 : 
Score = Degree (0"4+) x amount ( according to the % area in group) 
=(4+) X A4 + (3+) X A3 + (2+) x A2 4- (1+) x Al 
Application of the score: 
Liver - Hepatocytes; Kupffer cells 
Pancreas - Endocrine cells; exocrine cells 
Heart - Myocardium 
e.g. Score of a liver section in hepatocytes 
=(4+) X 10% + (3+) X 40% + (2+) X 20% 
=(4+) xGp.l + (3+) X Gp.2 + (2+) x Gp. 
= 4 x 1 + 3 x 2 + 2x1 + 1x3 
=15 
+ (1+) X 80% 
[+ (1+) X Gp.3 
Note : Method 2 scoring was done in an attempt to improve the correlation between 
histologic grading and chemical measurement of iron based on previous evidence : 
(1) histologic grading has been shown to correlate reasonably well with chemical 
estimation 
(2) common sense and some studies indicate that the area of liver containing iron 
correlates with chemical estimations 
52 
Quant 'uation of Iron in the Liver, Pancreas and Heart of Hospital Patients in Hong Kong 
(3) a previous similar study in this population showed a correlation which was 
non-linear when only using Rowe，s method and so an improvement was 
considered necessary 
(4) a more objective means of assessing area of involvement would require 
sophisticated image cytometry and software which is not available to us and 
which, even if it was, would not be able to differentiate between hepatocytes 
and macrophages. 
Reproducibility of the method only becomes an important issue if : 
(1) there is an improvement of Method 2 over Method 1 in terms of 
correlation with the chemical measurement of iron AND 
(2) there is a perceived need on the basis of this improvement in correlation t o 
disseminate the method. 
This is clearly beyond the scope of this investigation which is simply to see 
if the first point is valid. 
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3.2.1.6 Comparison of Rowe's method, and the two histological iron 
grading methods. 
Rowe's method Method 1 Method 2 
Grade 
Degree 0"4+ Degree (M+ Deg 0 % 
0 x400 x400 x400 
1+ X250/400 x200 x200 Al 
2+ xlOO xlOO xlOO A2 
3+ x25 A3 
X 10 or 
naked eyes 
1 (naked eyes) X 1 A4 
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Cut section at 50 fim thickness. 
Collect liver sections piece by piece. 
The number of sections is dependent on the tissue area of each block. 
Generally, 5 to 10 pieces are enough. 
Wrap the sections of each block by a 9 cm x 9 cm fine tissue paper, 
and pack with staple as in a tea-bag form. 
Write down the case number on each tissue-bag. 
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Xylene (AR grade, MALLINCKRODT _ Paris, Kentuckly) 
Hexane (GR grade, MERCK _ Darstadt, Germany) 
Procedure 
Immerse the tissue-bags in xylene overnight. 
2. Replaces the xylene with fresh stock. 
Repeat procedure. 
3. Immerse tissue-bags in hexane 48 hours. 
(Procedures 1-3 should make sure that all the bags are immersed in 
xylene or hexane completely.) 
4. Under the flame hood, the tissue-bags are taken out from the hexane. 
After the hexane has evaporate, the tissue-bags are allowed to dry. 
5. Dry the tissue-bags at 110° C for 6 hours in the oven. 
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Dried liver tissue 
Concentrated nitric acid (GR grade, MERCK - Darstadt, Germany) 
Distilled water (Double) 
Procedure 
1. Weigh the dried liver tissue-bags and redry them until constant dry 
weight is obtained. 
2. Transfer each sample in a 5 cm length tube. 
3. Each sample is wet-ashed with 1 ml concentrated nitric acid. 
4. Place the tubes in boiling water bath until all the tissue is totally 
dissolved in concentrated nitric acid. 
5. After cooling in the flame-hood, 0.8 ml of this 1 ml tissue solution is 
then taken in a 5 ml volumetric flask. 
6. This 0.8 ml tissue solution is diluted into 5 ml volume with deionized 
distilled water. 
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Concentrated nitric acid 
Atomic absorption standard solution (SIGMA - St. Louis, U.S.A.) 
1010 ^ g iron per ml in 1 % HCl 
Distilled water (Double) 
Instrument startup procedure 
1. Install burner head and nebulizer properly. (Caution! It may 
cause explosion.) 
Install the hollow cathode lamp. 
Check liquid trap. 
Exhaust fan - always on (check). 
Turn on POWER of AA1475. 
Enter lamp current by pressing LAMP 1 mA and selecting the 
lamp current 5. 
Select wavelength nm 248.3 and slitwidth nm 0.2. 
Fine adjustment of wavelength - maximum signal on the peak 
meter. (Press SB AUTOGAIN to reset the peak meter needle 
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to 3/4 fiill scale if it is off scale.) 
8. Align the lamp. 
9. Align the burner - collinear with the light path. 
10. Turn on vacuum pump; check the vacuum about 50 psi. 
11. Check the pressure available in the acetylene cylinder - at least 
100 psi. (Caution! It may cause explosion.) 
12. Turn the main switch (anticlockwise) of the acetylene cylinder 
regulate outlet pressure to 8 - 10 psi. 
13. When "READY" light is ON, adjust vertical position of burner 
to 15. 
14. Press SELECTION to adjust the fuel to about 12 -13 by turning 
the screw labelled FUEL (Don't set fuel > 20). 
(Caution! It may cause explosion.) 
15. Press FLAME ON to ignite the flame (If unsuccessful, set fuel 
to greater value but NEVER exceeds 20). 
16. After the flame is ignited, adjust fuel to 5 and vertical position 
of burner to 10. 
17. Aspirate 50 ml distilled water to wash the system. 
18. Check aspiration rate with 2 ml distilled water, it should be 20-
30 seconds. 
19. Use SB mode, set zero with distilled water by pressing CAL 
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ZERO. 
20. Adjust the horizontal position of the burner to obtain maximum 
absorbance using the highest standard. 
21. Select the RUN MEAN reading mode. 
22. If CONCENTRATION mode is used - enter the STD 
concentration values (at least 3 standards). Calibrate from the 
lowest to the highest standard concentration. 
23. Proceed with samples; check absorbance of high standard for 
drifting. 
24. Aspirate distilled water after finishing sample measurements. 
B. Instrument shutdown procedure 
1 
3. 
Press FLAME OFF. 
2. Turn the main switch (clockwise) of the acetylene cylinder to 
"off position. 
Press SELECTION to release the trapped fuel until it drops to 
zero. 
5, 
Loosen the outlet pressure adjustment screw of the acetylene 
cylinder. 
Switch off the vacuum pump; release the trapped water by 
turning the tap anticlockwise and then clockwise afterwards. 
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SECTION 4 
RESULTS 
4.1 HISTOLOGICAL ASSESSMENT 
4.1.1 HISTOLOGICAL STUDY 
In Method 1，stainable blue discrete granules of iron in the liver were 
assessed in hepatocytes and Kupffer cells. In Method 2，blue discrete granules 
of iron in hepatocytes (Fig. 2,3,4), Kupffer cells (Fig. 5)，endocrine (Fig. 
6,7,8) and exocrine pancreas (Fig. 6,7,9), and myocardium (Fig. 10,11) were 
assessed. The presence of iron in hepatocytes, biliary epithelium and 
macrophage clusters (Fig. 12) were also recorded. 
In both Methods, the grade of blue discrete iron granules in hepatocytes 
and Kupffer cells were noted separately (Fig. 13,14). 
A grade of 3+ or 4+ staining in hepatocytes has been considered to be 
abnormally high in caucasian populations. In this study such a grade was 
considered to be potentially significant and was termed Significant Hepatocyte 
Siderosis (SHS). 
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Table 3_ Age-Sex Distributions of Cases with 0 Hepatocytic 




































0 1 0 0 1 1 1 2 
0 0 1 1 0 2 1 3 
0 0 1 1 2 1 3 2 
0 0 0 2 0 4 0 6 
0 0 2 4 2 5 4 9 
0 1 0 1 4 1 4 3 
1 0 2 0 3 0 6 0 
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Table 4. Age-Sex Distribution of Cases with 1+, 2+ Iron Grading in Different 












(yr) F M F 
Sex 
M F M F M 
20-29 0 1 0 1 0 2 0 4 
30-39 0 1 0 3 0 1 0 5 
40-49 0 0 1 2 1 8 2 10 
50-59 0 0 1 3 1 8 2 11 
60-69 0 1 2 5 5 6 7 12 
70-79 2 0 4 7 5 15 11 22 
80-89 0 0 3 0 8 9 11 9 
> 90 0 0 1 0 0 0 1 0 
Total 2 3 12 21 20 49 34 73 
% 14.3 21.4 18.5 32.3 11.5 28.2 13.4 28.9 
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Table 5. Age-Sex Distribution of Cases with Significant Hepatocytic Siderosis 







20-29 0 1 
30-39 0 0 
40-49 0 1 
50-59 0 3 
60-69 0 0 
70-79 1 0 
80-89 0 0 
> 90 0 0 
Total 1 5 
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4.1.2 SEX DISTRIBUTION 
Among the 253 patients in the study group, 91 were female and 162 
were male. In the females, 20 (7.9%) had 0 hepatocytic iron grading, 34 
(13.4%) had 1+ and 2+，and 37 (14.6%) had 3+ and 4+ respectively. While in 
males, there were 25 (9.9%) of 0 hepatocytic iron grading (Table 3,4,5), 73 
(28.9%) had 1+ and 2+ and, 64 (25.3%) of 3+ and 4+ iron grading. The 
correlation of gender with hepatocytic iron deposition was not significant using 
the Mann Whitney test. 
4.1.3 AGE DISTRIBUTION 
Cases with various hepatocytic iron grades were arranged in 
different age groups (Table 3,4,5). The mean age of the total group was 64.2 
years, and the mean age of Significant Hepatocyte Siderosis (SHS) is 67.6 in 
female and 58.4 in male. As shown in Table 5，the mean age of female 
controls with SHS was 74.9 years and of males was 49.0 years; in the 
transfusion group, female was 55.0 and male was 64.6 years; in the non-
transfiision group, female was 73.3 years and male was 61.5 years. By linear 
regression, age did not 
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correlate significantly with hepatocytic iron deposition in the various grading 
groups. 
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(Top) The section showing negative control. (Bottom) Example of 3+ discrete 
iron granules in hepatocytes in Group 3. Perls' Prussian x 40 
Fig. I 
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Illustrates T discrete iron granules in hepatocytes. (Top left) in Group 1 
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Fig. 3 (Top) Negative control. (Bottom left) The section showing hepatocytes in 
Group 1 of 1 ^ discrete iron granules. (Bottom right) Hepatocytes in Group 
2 of 1 + discrete iron granules. Perls' Prussian blue x 200 
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Hepatocytes of 1 
200 
discrete iron granules in Group 3. Perls’ Prussian blue Fig. 4 
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Fig. 5 The section showing 1 • discrete iron granules in Kupffer cells in group 2，and 
1 ‘ discrete iron granules in Group 1 in hepatocytes. Perls' Prussian blue x 
200 
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Fig. 6 Normal structure of pancreas (both endocrine and exocrine). Perls, Prussian 
blue X 100 
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This section showing both endocrine and exocrine pancreas of 3+ discrete iron 
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Fig. 8 Endocrine pancreas of 3 ‘ discrete iron granules in Group 
blue X 200 
Perls' Prussian 
74 
Fig. 9 The section shows exocrine pancreas of 3+ discrete iron granules in Group 
1. Perls' Prussian blue x 100 
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Fig. 10 (Top) Normal structure of myocardium. (Bottom) Myocardium of 1 + discrete 
iron granules in Group 2. Perls' Prussian blue x 200 
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Fig. 11 It illustrates myocardium of 3 ' discrete iron granules in Group 2. Perls 
Prussian blue x 100 
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Fig. 12 Example of macrophage clusters and 3+ discrete iron granules in Kupffer 
cells. Perls' Prussian blue x 100 
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Fig. 13 This demonstrates a mixed pattern of hepatocytes and Kupffer cells of 3 + 
discrete iron granules. It shows hepatocytes in Group 3 and Kupffer cells in 
Group 2. Perls' Prussian x 40 
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Fig. 14 It illustrates a mixed pattern of hepatocytes and Kupffer cells in r discrete 
iron granules. Hepatocytes in Group 2 and Kupffer cells in Group 2. Perls， 
Prussian blue x 200 
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4.2 CHEMICAL MEASUREMENT 
4.2.1 EVALUATION OF ANALYTICAL PRECISION 
Liver tissue iron concentration was measured by using Varian 
atomic absorption spectrophotometry (model AA1475). A standard curve was 
set up by the use of iron standard solutions and values of all the samples were 
obtained from the curve. The precision of the method was calculated by the 
duplicate samples analysis (Table 6). The analytical mean, standard deviation, 
analytical coefficient of variation were found to be 35.0 fimol/g, +/-2.13 
/xmol/g and 7.8% (Table 6). The accuracy of the method is well 
established/兄 
4.2.2 RESULT OF CHEMICAL MEASUREMENTS 
Liver tissue iron concentrations were measured following the 
procedure of sectioning of paraffin liver blocks, paraffin removal, iron 
extraction, and chemical measurement by atomic absorption spectrophotometer 
(3.2.2.1-3.2.2.4), The range of iron concentration in the liver was 2.0 /xmol/g 
to 151.8 /xmol/g dry weight. 
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There was no patient with liver tissue iron concentration above 50 
ptmol/g dry weight in the controls. Cases of 0 - 4+ hepatocytic iron grading 
had a range of tissue iron concentration from 14.5 to 41.5 fimol/g dry weight. 
Due to the upper limit of this range of the controls, therefore, 50 fxmol/g dry 
weight was picked as the cut-off point of the normal upper limit in the study 
group. This is a similar to the cut-off point employed by Barry 
Eighty - two of the 99 cases (82.2%) had iron concentrations 
below 50 /xmol/g dry weight. There were 18 cases (18.2%) with 0 iron 
grading, 13 were female and 5 were male. Forty two cases (42.2%) had 1+， 
2+ iron grading, 15 were female and 27 were males. Twenty two cases 
(21.8%) had 3+，4+ iron grading, 5 were female and 17 were male (Table 7). 
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Table 6. Within Batch Precision of Atomic Absorption Spectrophotometry by 
The Use of Duplicate Sample Analysis. 
n = 18 
Analytical S.D. = +/- 2.73 /xmol/g. 
Mean = 35.0 /^ mol/g. 
Analytical C.V. 二 7.8% 
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Seventeen out of 99 cases (17.2%) had iron concentrations above 
50 /xmol/g dry weight, 9 (21.4%) were female and 8 (14.0%) were male. No 
patients with iron concentration above 50 ^ mol/g had 0 hepatocytic iron grading 
(Table 7). Three (3.0%) had 1+ and 2+ hepatocytic iron grading, 1 (2.4%) 
were female and 2 (3.5%) were male. Fourteen (14.2%) had 3+，4+ 
hepatocytic iron grading, 8 (19.0%) were female and 6 (10.5%) were male 
(Table 7). 
Fifteen of these 17 patients had blue discrete iron granules present 
in both hepatocytes and Kupffer cells, 7 had macrophage clusters, 4 had bile 
duct epithelium deposition. Thus most had a mixed pattern of iron deposition 
which was not consistent with uncomplicated genetic haemochromatosis but 
would be more consistent with a combination of increased absorption AND 
parenteral exposure. 
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Table 7. Patients with Liver Iron Concentration (/imol/g) with Various Iron 
Grading In Hepatocytes (n=99). 
No. Of Cases 
Cases with Liver Iron Conc. Female Male Total 
< 50 /imol/g with 33 49 82 (82.9%) 
0 iron grading 13 5 18 (18.2%) 
1+，2+ iron grading 15 27 42 (42.4%) 
3+，4+ iron grading 5 17 22 (22.2%) 
> 50 jLtmol/g with 9 8 17 (17.2%) 
0 iron grading 0 0 0 (0.0%) 
1+，2+ iron grading 1 2 3 (3.0%) 
3+, 4+ iron grading 8 6 14 (14.2%) 
Total 42 57 99 
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4.2.3 ASSOCIATED CONDITIONS IN PATIENTS WITH LIVER TISSUE 
IRON > 50 /iMOL/G 
There were 17 cases in the category (Table 8), 9 females (9.0%) 
and 8 males (8.0%) patients. 
Among these, no patient (0.0%) had idiopathic haemochromatosis 
(as assessed by the pattern of liver involvement). Seven patients had secondary 
haemochromatosis. Of these 1 (5.9%) had chronic anaemia; 2 (11.8%) had 
alcohol - related cirrhosis; and 4 (23.5%) had a history of blood transfusions. 
The remaining ten cases were placed in a "miscellaneous" group. 9 had cancer 
(liver in 1，pancreas in 2，oesophagus in 1，lung in 1，nasopharynx in 1 and 
breast in 3), 3 had a history of hepatitis, 6 were diabetics, 2 had cardiovascular 





secondary to chronic anaemia 
secondary to liver disease 
alcoholic cirrhosis 
Secondary to high iron intake -















chronic renal failure 
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Table 8. Associated Conditions in Patient with Liver Tissue Cone. > 50 ixmol/g 
(n=17). 
Associated Conditions No. of Patients 
\ 8 / % o 
參 
o o 
\ l / % Q -/ I v 1 
\ l / % 8 
• 
1 1 2 










 9  9  6
 6 .
 2 -
 8 . 
/ I V / I v
 / - V
 / I v
 / v
 / f v
 / I V
 / V





% C I -2 
Quant 'uation of Iron in the Liver, Pancreas and Heart of Hospital Patients in Hong Kong 
4.3 CORRELATION OF HISTOLOGICAL ASSESSMENT 
WITH CHEMICAL MEASUREMENT 
4.3.1 CORRELATION OF HISTOLOGICAL ASSESSMENT WITH 
CHEMICAL MEASUREMENT BY METHOD 1. 
In this method, the histological assessment was based on the 
resolution discrete iron granules in Perls' stains. The grading of iron in 
hepatocytes and Kupffer cells were recorded separately. 
Hepatocytes 
Correlations of histological grading of iron in hepatocytes with 
tissue chemical iron concentration in the transfusion group (Table 9) was not 
significant. Whereas the ones with the non-transfusion group (r 二 0.6625， 
p< 0.001) (Table 10) and the total group (r = 0.5074, p< 0.001) (Table 11) 
(Fig. 15) were both significant. The control group was too small for 
meaningful analysis. 
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Kupffer cells 
In Kupffer cells, the correlations of all three groups, the 
transfusion group (r = 0.4140，pCO.Ol) (Table 9) the non-transfusion group 
(r = 0.5986，p<0.001) (Table 10)，and the total group (r = 0.4575, 
p< 0.001) (Table 11)，(Fig. 16) were significant. The control group was too 
small. 
4.3.2 CORRELATION OF ASSESSMENT WITH CHEMICAL 
MEASUREMENT BY METHOD 2. 
In order to further validate the significance of hepatocytic 
siderosis, we estimated the amount, that is, the % area of blue discrete iron 
granules at 4 different magnifications in each section. 
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Table 9. Comparison Between Correlations of The Two Histological Iron 













(n = 17) 
Percentage area 
in groups 





































r = Spearman rank correlation coefficient 
p = probability 
NS = not significant 
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Table 10. Comparison Between Correlations of The Two Histological Iron 













(n = 77) 
Percentage area 
of Hepatocytes at 1+ 0.3546 < 0.001 
2+ 0.6464 < 0.001 
3+ 0.5892 < 0.001 
4+ 0.3315 < 0.001 
Kupffer Cells 1+ 0.3070 < 0.001 
2+ 0.4361 < 0.001 
3+ 0.5542 < 0.001 
4+ 0.2294 < 0.005 
Score 
of Hepatocytes 0.7556 < 0.001 
Kupffer Cells 0.6679 < 0.001 
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Table 11. Comparison Between Correlations of The Two Histological Iron 
Grading Methods with Chemical Measurement in The Total Group. 
Method 
Method 1 
(n = 93) 
Method 2. 
(n = 99) 
Iron grading 
of Hepatocytes 0.5374 < 0.001 
Kupffer cells 0.4575 < 0.001 
Percentage area 
of Hepatocytes at 1+ 0.2763 < 0.001 
2+ 0.5579 < 0.001 
3+ 0.5165 < 0.001 
4+ 0.2799 < 0.005 
Kupffer Cells 1+ 0.2605 < 0.001 
2+ 0.3487 < 0.001 
3+ 0.5129 < 0.001 
4+ 0.2060 < 0.005 
Score 
of Hepatocytes 0.6660 < 0.001 
Kupffer Cells 0.5549 < 0.001 




0 1 2 二 今 
HISTOLOGICAL FE GRADING IN HEPATOCYTES 
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4.3.2.1 Percentage area 
Hepatocytes 
Correlations of percentage area of hepatocytes at 1+ (r = 0.4472, 
pCO.Ol)，2+(r = 0.4586，pCO.Ol) in the transfusion group (Table 9) were 
significant but not in 3+ and 4+. In both the non-transfiision group (r = 
0.3546, p<0.001 of 1+，r = 0.6464，pCO.OOl of 2+，r = 0.5892，p<0.001 
of 3+，and r = 0.3315, pCO.OOl of 4+) (Table 10) and the total group (r = 
0.2736，p<0.001 of 1+，r = 0.5579，p<0.001 of 2+，r = 0.5165，p<0.001 
of 3+ and r = 0.2799，p<0.005) (Table 11)，the correlation with the % area 
of hepatocytes at all grading were all significant. 
Kupffer cells 
In the transfusion group, l+，2+ and 4+ was not significant while 
3+ (r = 0.4472, pCO.Ol) was significant whereas in the non-transfiision group 
(r = 0.3070，pCO.OOl of 1+，r = 0.4361, p<0.001 of 2+，r = 0.5542， 
pCO.OOl of 3+ and r = 0.2294, p<0.005 of 4+) and the total group ( r = 
0.2605，p<0.001 of 1+，r 二 0.3487，pCO.OOl of 2+，r = 0.5129, p<0.001 
of 3+ and r = 0.2060，p< 0.005 of 4+) all were significant (Table 9,10,11) 
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Score 
Correlations of scores of hepatocytes, Kupffer cells and both 
hepatocytes and Kupffer cells with chemical measurement were all significant. 
Hepatocytes 
As shown in Table 9,10,11, the transfusion group,(r = 0.6250， 
p< 0.001)，in the non-transfusion group, (r = 0.7556, p< 0.001) and the total 
group (r = 0.6660，PCO.OOl) (Fig. 17) were significant. 
Kupffer cells 
Table 9,10,11 show that the transfusion group, (r = 0.5290, 
p< 0.005), in the non-transfusion group, (r = 0.6679，p< 0.001) and the total 
group, (r = 0.5549, p< 0.001) (Fig. 18) were all significant. 
Hepatocytes and Kupffer cells 
Table 9，10，11 illustrates that the transfusion group, (r = 0.6646, 
p<0.001)，the non-transfusion group (r = 0.8166，p<0.001)，and the total 
group (r = 0.7299，p< 0.001) (Fig. 19) were significant. 
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FIG. 17 CORRELATION OF HISTOLOGICAL WETHOO 
• IN UY£R CELLS AND KUPF7ER CELLS 
2 WITH CHEyiCAL WEASUREyEHT 
IRON. 
97 
Quant 'uation of Iron in the Liver, Pancreas and Heart of Hospital Patients in Hong Kong 










 O H S
 3 J
 3 n s s u ‘ 
FiG.ia 
0 3 5 9 12 
SCORE OF HEPATOCYTE 
CORRELATION OF HISTOLOGICAL WETHOD 2 WITH CHEWICAL y£ASUR£WEHT 
IN UYER CELLS IRON. 
98 









 3 」 
S C O R E OF KUPFFER CELL 
FIG. 13 CORRELATION OF HISTOLOGICAL WETHOD 2 WITH CHEWICAL yEASUREWENT 
IN KUPFFER CELLS 丨RON. 
99 
Quantitation of Iron in the Liver, Pancreas and Heart of Hospital Patients in Hong Kong 
1111 







OF K U P F r a ^ CELL 
WITH CHEyiCAL WEASUREWEIHT 
ICAL UETHOO 























 c m s u j u n s s - l 
Quantitation of Iron in the Liver, Pancreas and Heart of Hospital Patients in Hong Kong 
4.4 PANCREATIC AND MYOCARDIAC HAEMOSIDEROSIS 
4.4.1 METHOD 2 
In this method, the degree of stainable blue discrete haemosiderin 
granules and the amount (% area) of iron granules were assessed in the same 
way as the liver specimens. 
Correlations ofhepatocytic, pancreatic and cardiac haemosiderosis 
were made by Spearman rank correlation. Except for the controls, the 
correlations between the three groups were significant (Table 12). 
Endocrine pancreas 
In the transfusion group (r = 0.3846，p< 0:001)，the non-
transfusion group (r = 0.4006，p< 0.001) and the total group (r = 0.3923: 
p< 0.001) all were significant (Fig. 7,8). 
Exocrine pancreas 
In the transfusion group (r = 0.2358, pCO.Ol), the non-
transfiision group (r = 0.2257, p< 0.001) and the total group (r = 0.2414， 
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p<0.001) were significant (Fig. 7,9). 
Myocardium 
In the transfusion group (r = 0.2196，pCO.Ol)，the non-
transfusion group (r = 0.3218, p<0.001) and the total group (r = 0.2779: 
p< 0.001) were all significant (Fig. 10,11). 
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Table 12. Comparison of Hepatocytic，Pancreatic and Myocardiac Iron Deposition 
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(n = 57) 
0.3846 
< 0.001 
(n = 57) 
0.2358 
< 0.01 











(n = 164) 
0.3218 
< 0.001 






(n = 213) 
0.2779 
< 0.001 
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SECTION 5 
DISCUSSIONS 
The "gold standard" in assessing iron stores is the chemical estimation 
of iron in tissue. In general, histological methods of assessment of iron have 
been shown to correlate with the chemical measurement. 
In this study, there is a correlation between histologic iron grading and 
chemical measurement. By taking into account the area of tissue involved 
(Method 2) there is a better correlation. In this population, histologic grading 
appears to over-estimate the amount of Fe storage disease. 
In Hong Kong, the incidence of genetic haemochromatosis is low in the 
Chinese population, while the incidence of haemolytic anaemias, 
hepatitis B, and its associated hepatocellular carcinoma is high.^ ^^ All of 
them may be associated with iron overload states and yet may be clinically 
silent. Studies have shown that serum ferritin level are elevated in "healthy" 
subjects!⑷ and in thalassaemic individuals^^Hn Hong Kong. This may 
translate into elevated body iron stores in our population and explain the high 
prevalence. When results of the present study are compared to studies on the 
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prevalence of iron overload in other regions, there is a significant difference. 
The incidence observed in other regions were largely based on idiopathic 
haemochromatosis. Gene frequency for haemochromatosis estimates in other 
populations are in the order of the highest estimate of 8.2% being 
in an Afrikaner population,从 whereas studies from Sweden, United Kingdom, 
Australia and Canada revealed a prevalence of 5%, 3%, 3%, and 2.7% 
respectively. The present study included all forms of iron overload and did not 
identify separately patients with genetic haemochromatosis. 
In summary, this study suggests a high incidence of hepatic siderosis 
prevailing in the Hong Kong population. The possible factors contributing to 
this effect are as follows: 
(1) the overestimation of haemosiderosis using histologic methods 
(2) chronic haemolysis (common in Hong Kong) 
(3) chronic liver disease, e.g. alcoholism. Whilst the significance of this 
factor is unclear, Hepatitis B is common and there may be a link 
between these. 
(4) neoplasm, e.g. local effect of hepatocellular carcinoma (high incidence 
in Hong Kong). Although it is possible that other neoplasms, not 
involving the liver, may also be linked 
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(5) diabetes mellitus. 
All of the above may enhance body iron stores and may lead to associated 
diseases, such as liver disease, hepatocellular carcinoma, diabetes mellitus and 
myocardial dysfunction. The pattern of iron deposition in the liver may give 
a clue as to the possible cause of the iron storage disease in this group. 
In humans, iron overload occurs under four main situations: (1) in 
idiopathic haemochromatosis; (2) in chronic refractory anaemias marked by 
erythroid hyperplasia and ineffective erythropoiesis; (3) in chronic oral iron 
overload, e.g. Bantu siderosis; and (4) in transfusional iron overload. In the 
first three circumstances iron accumulation results from increased iron 
absorption and is mainly in hepatocytes. Parenteral iron characteristically 
deposits in the reticuloendothelial (RE) system.丨位 In parenteral 
adminstration, haemoglobin derived iron is less toxic than iron absorbed from 
the gut. This is because iron released from effete red cells is safely stored in 
reticuloendothelial (RE) cells, whereas iron derived from the gut mainly 
accumulates in hepatocytes with potential adverse effect. This distinction is not 
absolute, however, as the relative severity of hepatocytic and reticulo -
endothelial siderosis in transfusion siderosis is known to vary considerably from 
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case to case. Frequently, haemosiderin can be found in the hepatocytes even 
before transfusion therapy has begun. This is due to enhanced absorption 
induced by the anaemia in these individuals.^ ^^ 
It has been shown that there may be redistribution of iron from Kupffer 
cells to hepatocytes in time, so even parenteral iron may be potentially harmful 
in the long term.i似 In the present study, the mixed pattern may occur in 
patients who have been exposed to parenteral iron with or without increased 
absorption. Large number of cases also have an excess of iron deposits in the 
Kupffer cells, indicating a mixed pattern of iron deposition. This mixed pattern 
indicates increased absorption of ingested iron coexists with excessive parenteral 
iron adminstration. This may occur in chronic anaemias such as in thalassaemia 
major and sideroblatic anaemia. Thus, the high prevalence of hereditary 
haemolytic disease in our population could account for such a mixed pattern. 
In chronic haemolysis, senescent red cells are being phagocytosed in the RE 
system (including Kupffer cells) and releasing iron. Under this condition, the 
increased iron absorption^^ is due to the expanding erythropoiesis. It may be 
significantly greater than that in primary haemochromatosis^^ '^^ ^ and the 
absorbed iron would predominately deposit to liver cells. 
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In the transfusion group, there were 65 cases. Ten cases had iron 
deposition in hepatocytes; 7 cases had iron deposition in Kupffer cells; 9 cases 
were without any iron deposition in either type of cell; and 39 cases had the 
mixed pattern of iron deposition. 
In the non-transfusion group, there were 174 cases; 31 cases had iron 
deposition in hepatocytes; 8 cases had iron deposition in Kupffer cells; 26 cases 
were without any iron deposition in both types of cells; and the remaining 109 
cases had the mixed pattern of iron deposition. Transfusions, being the cause 
of mixed pattern of iron deposits, cannot be considered the underlying cause in 
this group because there was no history of transfusion in these patients. 
Regardless of a history of a transfusion, the pattern of siderosis in the majority 
of our cases was mixed - hepatocytic and Kupffer cells. 
As previously stated, chemical measurement is the most accurate 
standard method of determination of iron concentration in tissues and it has 
been used as the reference method. However, chemical measurement is not 
always available clinically because it is complicated, requiring an invasive 
procedure to obtain the specimen. The procedure results in destruction of the 
tissue, thus it cannot provide morphological clues to the aetiology of the 
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disease. Consequently, histologic methods of assessment remain important and, 
in some populations, correlate with the clinical status. 
In a previous study^^ ,^ the results showed that paraffin removal from the 
tissue blocks has no effect on hepatic iron content. Therefore tissue that has 
previously been processed in paraffin can be used for iron estimation. Thus, 
retrospective studies could be performed on archival material. The advantage 
of using autopsy material is the abundance of tissue for comparative studies. 
However, it does represent a selected hospital population. 
Histological grading provides only an approximate estimation in visual 
assessment of iron d e p o s i t i o n . In this study, the results confirmed the 
usefulness of Rowe's histological grading method for assessing the amount of 
iron in the liver. The advantages of this method are : (1) It provides a high 
degree of sensitivity and specificity in evaluating discrete iron granules in 
sections; (2) It gives valuable information rapidly, and (3) All cell types which 
contain iron can be assessed. The disadvantage, particularly in our population 
is that it appears to over-estimate the number of individuals with bone fide iron 
storage disease. 
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When the percentage area is taken into consideration, the whole section 
is assessed. This is extremely important because in every one of our cases, 
there is variability in the distribution of iron. It is usually most severe in the 
periportal areas and less marked in the centrilobular areas. This tendency for 
iron deposition to be higher in the periportal areas is well known, presumably 
because these areas are first to be in contact with the incoming blood containing 
iron and thus they are exposed to a higher concentration of iron. If the 
percentage of cells containing iron of different grades is taken into account, the 
correlation of Method 2 with the chemical method for assessment of iron 
concentration appears to be stronger, indicating it is potentially a better 
approach (Table 9,10,11) Obviously, it is a more laborious method for 
quantitation of iron load. 
We have not attempted to assess the reproducibility of the method. The 
object of the study was to determine whether or not taking into account the 
subjective proportion of cells involved with different degrees of iron storage 
affected the correlation with chemical estimation. It does but we would stress 
that the method could display interobservor variability. However with the 
advent of computer methods for image analysis, it is possible that this approach 
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could be used as the basis of an automated image analysis. This approach has 
been tried with success^ ^^  and the results of this study would support such an 
approach as feasible and an improvement over other histological methods. 
In Method 1，the intra-observer and inter-observer reproducibility were 
found to be 92% and 89% respectively. There was only a small variation, of 
less than grade 1+ in samples with an iron deposition of 1+ or 2+• This is not 
considered significant. A 2+ iron grading may sometimes be found in cases 
with a tissue iron concentration at the upper limit of normal. Therefore, only 
a 3+ or higher iron grading in hepatocytes is considered as significant. 
The small standard deviation (+/- 2.73 fimol/g dry weight) from 
duplicate measurement of the liver tissues demonstrates the precision of the test 
(Table 6). The present study takes 3+ (by Rowe's method) and higher grading 
of iron concentration in hepatocytes as abnormal. This implies that 40% of the 
study population have some degree of iron overload (Table 5). Taking this as 
a random sample of the local population, the prevalence of excess of iron would 
appear to be high in Hong Kong. However, this may leave some cases not 
included, i.e. cases of 1+ and 2+ iron grading but with high chemical iron 
concentration (Table 9). This is the reason why Rowe's method needs to be 
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improved and Method 2 was therefore employed in the present study. 
The significance of 3+ siderosis in the majority of patients in our group 
is unknown. Possibly, given enough time, some could develop haemosiderosis 
in other organs such as pancreas and heart. The likelihood of this occurring 
however is probably remote, since the majority of these individuals are elderly 
and chemical estimation of iron concentration was within the normal range. 
Furthermore, a previous studyshowed that all samples with 3+ and 
higher grades which did not correlate with chemical estimation had tumour or 
cirrhosis. Yet there was no correlation of the degree of fibrosis with the degree 
of hepatocytic iron deposition. This would indicate that the cirrhosis led to the 
iron deposition and not the converse. Statistically, though, some patients with 
significant hepatocytic siderosis had a more severe degree of fibrosis. Since the 
proportion of cells with iron deposition was not estimated in this previous 
study, there may have been overestimation of hepatic iron content as was our 
experience when only Method 1 was employed. 
Even in Western countries iron storage disorders display considerable 
racial and geographical variation explained by different dietary intake • � 
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Therefore, the definition of normal with regard to iron loading is relative and 
has to be determined for the population in question. In the present study, the 
range of tissue iron concentration in the controls was 14.5 ftmol/g to 41.5 
/xmol/g, the transfusion group was 8.5 /xmol/g to 122.6 jitmol/g and the non-
transfusion group was 2.0 jicmol/g to 151.8 jLtmol/g. 
From our results, there are no cases suspected of having genetic 
haemochromatosis (Table 8). A history of recent transfusion may influence the 
chemical measurement since such patients are strongly represented in the > 50 
jLimol/g group (Table 8). Patients with cancer generally have a significant risk 
of having iron overload as measured chemically. A significant proportion with 
hepatic iron of > 50 /xmol/g in diabetics (Table 8). The incidence of diabetes 
in idiopathic haemochromatosis has been reported to vary widely 
Although the prevalence of diabetes in haemochromatosis has been reported to 
be 6 0 - 8 0 % 169，the prevalence of haemochromatosis in diabetics has not been 
studied extensively. One recent study reported the prevalence to be 9.6/1000. 
Patients with chronic renal failure are over-represented in the abnormal group 
(Table 8) - not surprising as it is well known that such patients have iron 
overload because of transfusions and possibly for other reasons. 
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When cases of severe iron overload are analyses according to age, 
increasing numbers of patients with significant iron deposition were found in the 
older age group. The mean age for significant hepatocytic haemosiderosis in 
the transfusion group was 55.0 years in female and 64.6 in male; in the non-
transfusion group 73.3 years, 61.5 years respectively. The proportion of 
patients with hepatocytic haemosiderosis in each decade shows a steady rise 
continuously into the 7th decade. This suggests that iron accumulation in this 
population is a slow, steady, life-long process. 
By the use of Spearman ranking, there is a correlation between the 
degree of hepatocytic, pancreatic and cardiac haemosiderosis (Table 12). 
Twelve out of the 17 cases with hepatic iron concentration greater than 50 
/xmol/g contained excessive iron in the endocrine pancreas and the myocardium, 
and similarly for 8 out of the 17 in exocrine pancreas. Schafer et af^ found that 
widespread organ dysfunction can result from transfusion iron overload 
developing in adulthood. The pattern of organ involvement is similar to that 
encountered in idiopathic haemochromatosis. Marked cardiac deposition has 
been documented in autopsy studies of patients with transfusion-dependent 
anaemias, particularly in patients with blood transfusion history of more than 
100 units of blood. Olsson奶 found that the quantity of iron varied，but was 
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highest subepicardially. Myocardial siderosis was documented only in patients 
with hepatic cirrhosis, irrespective of the hepatic load suggesting that severe 
liver damage may be a prerequisite of excessive iron accumulation of iron in 
the heart. 170 Our present study indicates that the estimation of hepatocytic 
iron by Method 2, is proportional to the amount and the degree of 
haemosiderosis in the pancreas and heart of all three groups. Thus, this further 
emphasises that assessing the percentage of iron containing cells is an important 
histologic parameter. In all three groups, iron deposition in the endocrine 
pancreas has a stronger correlation than that in the exocrine pancreas or the 
myocardium. This is particularly noticeable in the non-transfusion group (r = 
0.4006，p<0.001), although in the transfusion group, the correlation 
coefficient (r = 0.3846，p< 0.001) falls into the similar level. Also, in the 
myocardium, the transfusion group (r = 0.2196，pCO.Ol) has a less significant 
p value than that in the non-transfusion group (r = 0.3218, p<0.001). It 
suggests that myocardial deposition is more closely related in the non-
transfiision group (Table 12). 
However there are limitations in this retrospective study. In many cases, 
since some necessary clinical information was not available in the case records. 
In histological assessment, factors may affect the interpretation of the iron 
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grading such as the staining techniques, including the time of staining and the 
freshness of the Perls' reagent, the thickness of sections, tissue area sections, 
distribution of iron granules and even the intensity of light during assessment. 
In chemical measurement, each step of handling liver tissue in dry weight and 
set up the atomic absorption spectrophotometer can affect the result directly. 
Also, the reliability of the atomic absorption spectrophotometer is the best when 
iron concentration of specimens is low. 
For future studies, automated image analysis^ '^ ^ could be applied. It 
provides an estimation of both qualitative and quantitative of iron overload 
reliably and rapidly. Such an automated approach, may effectively improve the 
histological assessment of tissue iron overload/力 Image analysis is a 
specific, sensitive, quick, reproducible and valid method for quantifying hepatic 
iron overload with good correlations between image analysis, chemistry and 
histology. Furthermore, the reliability of the results may allow assessment of 
new parameters such as cellular and lobular distribution of iron and size of the 
iron particles, particulary in experimental iron overload. 
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SECTION 6 
CONCLUSIONS 
In conclusion, the present study shows a high incidence of significant 
hepatocytic siderosis (higher 3+ o r � 5 0 /xmol/g) in this community particularly 
in elderly males. However histologic methods assessing only heamosiderin 
granule size overestimate the problem especially in the group studied. It is 
possible that the method is satisfactory for populations in which genetic 
haemochromatosis comprises the majority of such cases. 
In our group, the increased iron is distributed both in hepatocytes and 
Kupffer cells, which we refer to as a mixed pattern. This suggests increased 
iron absorption in combination with parenteral iron administration. This is 
probably partly due to secondary underlying diseases such as thalassaemia and 
other haemolytic anaemias which display a high prevalence in this region. In 
the thalassaemias, there is a slow build-up of hepatic iron, reaching peak levels 
in the 6th or 7th decade. Other factors identified include cirrhosis (and liver 
disease, in general) and malignancy. 
In the study group, over 14 % of the patients had significant hepatic 
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siderosis with liver tissue iron concentrations greater than 50 umol/g. This 
correlated with neoplastic disease, liver disease, diabetes mellitus and chronic 
renal failure. 
In assessing the correlation between the two histological iron grading 
methods and chemical measurement, one notes that the first histological method 
assessed the degree of iron deposition only while the second histological method 
assessed both the degree and amount of iron deposition at four different 
magnifications and was expressed as a numerical score. The results show that 
the second method gave a stronger correlation with liver tissue iron 
concentration than that of the first method. This study underscores the 
importance of developing cytometric methods to assess the proportion of cells 
involved. 
In addition, there is correlation of hepatocytic haemosiderosis with 
pancreatic and myocardiac siderosis in the studied group. Deposition of iron 
in the endocrine pancreas has the strongest correlation with hepatic 
haemosiderosis. 
For future studies, computer image analysis may provide a more 
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accurate and rapid method of histochemical assessment. 
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43< 3 M 41 1 Nl ！ 
142 
Quant 'uation of Iron in the Liver, Pancreas and Heart of Hospital Patients in Hong Kong 
Appendix 2. Histological Changes in Liver Using Haematoxylin and 
Eosin Stain. 
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IRON OVERLOAD IN HONG KONG CHINESE 
CASE S CASE SEX A 
HISTOLOGICAL PATHOLOGY 
H&E 
LIVER F 'ANCREAS1 HEART 
GE r ^ ORI C ： F • F •C 1 f 4 1 r < DTHER I '40R2 / \N NOR3I > \ N 
1 F 30 1 0 _ L - o -
2 F 5? 1 0 _ _ 9 - -
4 1 F 66 0 0 0 
2 2 
3 0 
5 1 26 
7 1 73 0 0 0 
9 1 79 0 0 0 
10 VI 5? 0 0 1 
11 ^ 73 2 1 0 
12 F 78 1 0 2 
14 1 F 73 0 
2 1 
3 1 
4 1 1 
15 57 1 3 
16 1 M 80 1 1 4 
2 0 
t 1 
17 F 75 i 
18 M 62 0 1 5 
19 1 M 61 1 3 0 0 
2 4 2 
20 F 83 3 0 3 
21 M 49 2 1 1 0 
22 1 M 68 1 3 1 0 
2 1 1 3 ... 1 
24 M 58 0 i 0 1 ； n 
3 
25 M 81 0 ] 0 _ _ i 
26 F 79 0 1 0 0 
27 M 80 8 1 3 
28 M 77 0 0 3 
29 1 F 84 2 1 I 0 
2 2 1 1 i 
3 2 ———— 
30 F 84 0 1 1 1 0 
31 M 43 9 0 0 
32 M 71 0 1 0 
33 M 35 0 1 0 
34 1 M 45 0 0 4 0 0 
2 0 0 4 
35 M 28 0 0 0 
36 1 F 85 0 3 
2 0 
37 1 M 68 1 1 
2 0 
38 M 50 1 1 
40 丨 M gc 1 0 1 i 8 
41 1 M 77 1 3 1 3 
2 1 3 1 
3 1 3 
A 1 3 
42 ) M 77 ‘ c I c ) 3 
M \ M 331 c ) 1 c c I 
4£ > 1 F 591 1 J i 1 3 
2 > 1 c ) 4 
47 r F 7： r
4« i F 5： J c ) c ) 
4< ) M 3( 3 1 1 c ) c ) 
5( ) M 6( D 1 1  1 3 
5' 1 F 70 1 I 1 1 ！ 3 
5; 3 M 5i 3 ( D [ ‘ > Oi i 
5' * M 61 3 ( D : 0丨 丨 0 1 — ’ 丨 i 
5! 5 1 F 81 0 1 < 3 11 1 ； 1 丨 丨 3 
2 i ( 3 11 1 • , ！ 1 1 
6 9 I 
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IRON OVERLOAD IN HONG KONG CHINESE 
CASE S CASE SEX A 
HISTOLOGICAL PATHOLOGY 
H&E 
UVER ！PANCREAS丨 HEART 
GE 1 SJOR1 ( ： f : f -C 1 I N 1-
57 57 7 0 0 0 
58 - 90 5 0 0 
6 
60 58 1 1 1 7 0 L 0 
61 84 0 1 0 
62 ^ 40 0 0 3 
63 M 48 7 0 0 
64 F 65 
65 M 78 2 1 3 
66 M 43 1 2 1 3 
67 F 78 1 3 3 
68 1 M 76 3 3 1 3 
2 3 3 
69 F 94 0 0 
70 F 78 i 1 
71 M 55 0 i i 0 01 1 
73 F 74 0 ！ ！ 
74 M 48 01 1 1 1 1 3 
75 M 47 0 | 1 1 i j 1 0 | i 01 
76 1 F 78 5 01 1 3 
2 5 1 1 1 
77 F 66 0 i 1 0 ! 1 0 
78 M 22 3 i 01 1 6 
79 F 87 1 1 i 1 ! 1 111 1 3 
801 1 M 72 0 ！ 1 1 1 01 3 
81 M 65 I 1 1 1 I 1 ！ 3 
83 F 65 0 ! ！ I i 1 01 1 丨 0 | 
84 M 74 1 .L 1 1 0 1 1 0 
85 F 83 0 1 ！ 1 i 1 3 
86 F 82 • 1 1 1 4 8 
89 1 M 63 i 1 3丨 1 1 3 
2 1 31 i ！ 1 1 
90 M 1 80 1 1 i 1 ！ } 
. 1 
‘ 6丨 3 
1 1 厂 ！ ! ！ ！ 5 . 0 0 1 ！ 
1 
91 1 M 64 1 I 丨 丨 丨 i 0 9 1 丨 ！ 3 
2 1 1 ！ 丨 丨 i 丨 丨 01 91 ' 丨 ’ 
92 丨M 70 1 丨 1 1 丨 6 l 1 1 0 1 1 9 
93 ！F 54 0 i 1 1 j 1 1 
94 F 73 0 1 1 3 
95 1 M 35 7 2 0 1 
2 7 0 1 
3 2 6 i 
96 F 67! 0 1 i i 0 1 0 
98 M 741 1 1 1 4 0 
99 F 97 0 1 -i 
101 F 36 1 6 1 0 0 
1 0 2 1 F 65 7 1 _ 
2 25 I 1 -1 
1 0 3 M 5a i 0 丨 2 1 ： 1 ° _ 
1 0 4 M 48丨 1 1 1 ！ _ 
1 0 6 1 M 661 a 1 1 1 1 1 3 1 
1 1 _ 
108 1 F 66丨 C 1 1 t 1 0 1 
1 0 S 1 F 77 i 1 a 丨 1 C 2 1 
1 1 C 1 F 3 € > 1 1 1 C 1 0 1 _ 
1 1 1 M 6 5 > 1 A t 1 1 1 C 1 c 1 0 1 
4 4 f 
1 1 ‘ [ M c ) 1 1 Q 1 
1 1力 [ F 5£ ) 1 1 1 C ) 0 1 
1 1 f > M 4 J > 1 c ) e r
1 1 7 
f F 4 ( 3 1 1 c ) � r 
11J ) M 8： > c ) i A \ � [ 
1 2 C ) F 8 : 7 c ) i i i 1 1 C ) —t 
121丨 M 6S 5 1 1 1 1 i 3丨 e 广 e 51 0 1 1 1 l O ' l 
1 2 2 1 M 6( 31 I 0 1 < l i 1 i i ! i 0 丨 丨 丨 1 1 丨 
12： 3 | M 6( dI ！ i C 3| 1 1 3 1 1 ‘ 11 L L 1 ！ 0 丨 ！ 
1 2 ' i M 丨 8: 2! 1 i 1 ‘ 丨 i 9 ! 
1 1251 i M ! 7 4 1 i 1 4 1 1 < 3： 0 1 1 2 1 
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IRON OVERLOAD IN HONG KONG CHINESE 
CASE S CASE SEX A 
HISTOLOGICAL PATHOLOGY 
H&E 
UVER 1 3ANCREAS HEART 
GE NOR1 C : : f i i r ^  iT < OTHER 1 sJORa AN 1 MOR3I AN 
1261 VI 54 5 0 o | 
127 从 69 6 11 0 0 
128 \A 41 
129 M 50 14 13 12 1 0 
131 1 F 29 0 0 
2 0 
132 M 67 3 6 1 3 
133 M 56 7 ^ 0 
135 F 73 1 
1 
I i 1 
137 1 M 53 1 1l 1 1 1 
1 1 0 
2 1 1 11 i ..， 
3 1 1 ！ 1 1 
4 1 1 1 
5 1 1| 1 1 1 i 1 
6 1 1| 1 i 1 1 
138 M 78 01 1 0 丨 ！ 01 
139 M 66 1 1 2 1 i 01 1 ! 3 
140 1 M 62 o i 1 i u"" i o T " 
2 01 1 1 ； ! i i 
141 M 73 01 1 1 1 t 1 1 01 : 01 
144 F 1 7 2 i 1 1 O 丨 丨 1 1 丨 二 ； 1 厂 0 丨 3 1 
1 4 5 M 80 1 1 i ！ 丨 13丨 0 1 01 
146 F 72 1 i i 1 4丨 丨 1 i 3 
147 F 1 74 1 1 1 1 1 1 1 01 
148 M 65 1 
1  
150 F 64 1 1 0 
151 M 51 1 6 0 
152 M 67 0 1 1 01 0 
153 1 F 4 1 1 ！ ！ 1 5 1 丨 丨 1 1 9 丨 丨 3 
1 i i 1 i 
2 i 1 1 15 ！ 1 I 1 1 1 
154 F 68 2 0 I 3 
155 1 M 61 4 3 0 28 
•2 4 3 
156 1 M 6 4 1 0 1 0 
2 1 1 0 
1 
1 
. 1 r ' • ‘ 
i 3 1 6 r 
1 1 
1 5 1 i 
1 5 7 1 M 5 5 i 6 1 8 1 3 
2 16 1 
1 5 8 1 F 68 1 1 7 1 3 
2 0 3 1 7 
159 M 7 9 1 0 1 0 3 1 
160 1 M 591 i 2 1 0 
1 
2 ！ 2 -i 1 
1 6 1 M 50 i 0 ！ i 1 r ！ 0丨 i 3 I 
i 1 i 1 ( 1 1 1 1 1 
1 6 2 » F 8 3 1 Q 1 1 t 1 1 ！ I ！ 1 
163 1 M 6 5 1 1 1 1 ！ ‘ I _ ‘ • » • • -f — —- *• 1 
165 i 1 F 6 6 1 C » ！ 1 8 1 0 1 0 
J 1 ( c 1 1 j 1 8 1 1 
1 6 7 
r M 3 6 1 0 1 1 1 1 G 1 0 1 1 j 




1 6 € \ F 8 9 I i 2 » 1 
i 1 
1 6 £ ) M 7 9 1 3 1 1 
r 171 1 ‘ 1 ！ F 67 c ) 1 1 1 ； 2 < 
1 1 1 1 1 1 
1 
？ 1 1 i ( ) . 1 i ： 1 i 
17： 2 IM 1 311 ！ i 1 J 5 ‘ 1 C ) 0 1 
1 1 1 ！ 1 i 1 1 4 1 ： 丨 ！ 
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IRON OVERLOAD IN HONG KONG CHINESE 
CASE S CASE SEX > 
HISTOLOGICAL PATHOLOGY 
H&E 
UVER PANCREAS H B 〜RT 
NOR1 C F FC 1 IN T OTHER NOR2 AN NOR3 AN 
174 M 51 1 19 0 0 
175 M 72 3 20 1 0 
176 F 78 3 0 3 
177 M 72 0 3 
180 M 56 1 6 1 0 
181 F 67 
182 M 21 0 0 0 
183 M 46 0 0 0 
185 F 70 0 4 0 
186 F 81 0 1 3 
0 3 
1 
188 M 84 1 
1 
1 i 11 3 
189 F 62 0 i 0 0 
190 M 68 0 1 1 3 
191 F 70 0 4 3 
192 M 85 0 1 1 1 3 





！ 195 F 7 0 1 1 1 1 
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IRON OVERLOAD IN HONG KONG CHINESE 
CASE S CASE SEX A 
HISTOLOGICAL PATHOLOGY 
H&E 
UVER i 3ANCREAS HEART 
GE C ： F • F •C 1 r ^  1 r < DTHER 1 N40R21/ f ^JOR3 > \N 
233 A 73 0 3 1 0 - -
234 A 72 0 8 30 1 1 3 




236 59 0 1 1 1 0 
237 1 - 57 1 3 0 0 
2 1 i 
238 55 0 1 1 30 12 3 
32 
33 
239 F 77 1 1 0 3 
240 F 83 0| 1 6 1 
242 F 71 1 1 3 
243 1 M 5 5 1 5 0丨 0 
2 3 4 
2 4 4 F 5 6 0 4 22 丨 Oj 3 
3 0 
245 M 59 2 6 1 0 
249 M 57 21 0 ——！——. 3 
250 M 7 4 1 0 i 丨 3 1 1 1 1 
1 ； 1 
251 F 4 5 2 2 1 1 ！ 3 
1 i 
252 M 4 5 2 I I I 0 1 ——！_^ 
253 M 3 2 ！ 1 1 
2 5 5 r r - 2 2 
2 5 6 IF 8 5 
2 5 8 M 7 8 0 4 0 
259 1 M 7 3 0 7 3 5 0 1 3 
2 1 0 1 I 7 t i 3 5 i ！ ！ 1 — 
261 M 1 62 1l i 1 ！ 1 ！ i 3 
262 F 64 1 1 1 1 1 i I ‘ 1 ！ ！ ！ 厂 . 3 2 6 3 F 8 8 2 1 . 1 1 3 0 
1 i 1 1 i 1 
2 6 5 M 5 0 0 1 i 0 0 
2 6 6 M 6 0 3 1 1 3 
2 6 7 1 M 4 1 0 1 0 6 
I 
1 i 
2 0 -i 2 0 
2 6 8 M 8 1 , 1 
2 6 9 F 8 7 0 01 3 
2 7 0 M 8 4 ！ 
3 5 厂 0 
1 1 i ‘ 
1 1 
2 7 1 M 6 3 1 1 1 0 
2 7 3 M 3 4 1 1 1 2 1 
r ！ 1 
1 2 2 
2 7 4 M 5 2 1 1 1 3 6 i 0 3 
2 7 6 F 8 5 1 
2 7 8 I M 7 5 1 1 1 0 1 ^ 1 
2 8 C I M 7 S 0 1 1 2 C 1 3 7 ‘ 1 22 1 
2 8 1 M i i ) 1 14 < » 
： 
28: ) M 2 6 1 1 1 6 1 e j : J -i 
1 
1 I i e 1 
2 8 ' \ M 6( I c ) 1 J 1 J 
3 5 ) 
2 8 i M 3 1 i \ c ) c ) 
2 8 ( 3 M T 7 c ) i 
2 8 " 7 F 7 ‘ 4 
2 8 ! 9 F 8 8 i ( J 1 1 ‘ 3 ! 3 0 O j 
2 9 ( 3 F 6 9丨 < 3 1 1 ！ ； 1 ： 3 
i 1 1 1 j i i 丨 1 ！ ‘ 3 1 • _ I I - .丨• • … — 1 — — — 1 
2 9 1 1 M 3 3 1 丨_ 丨  1 ！ ； ； ； • •>4 
1 
2 9 4 1 M ！ 3 2 1 ‘ 1 ！ 1 1 1 1 ‘ \ \ 
4 0 1 0 1 
0 1 
2 9 5 1 F ！ 7 7 i 1 ‘ • 0 1 
2 9 8 1 1 1 M 1 5 7 1 4 | 1 ！ ； 6 1 1丨 ： 1 3丨 
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IRON OVERLOAD IN HONG KONG CHINESE 
CASE S CASE SEX A 
HISTOLOGICAL PATHOLOGY 
H&E 
UVER f 3ANCREAS HEART 
GE ^0R1|C : f -C 1 f ^  1 r ( DTHER f kN 1 MOR3 i \ N 
39 
2 4 6 
3 4 6 
299 1 88 8 0 
2 8 
300 : 83 8 41 3 
301 F 57 0 1 1 0 
302 F 83 42 1 3 
303 1 M 61 0 1 2 0 0 
2 0 1 2 
304 1 M 65 1 6 0 0 
2 1 6 
1 
306 M 59 1 i 43 01 3 
307 M 77 0 1 0 | 3 
308 M 28 0 3 44 11 24 
309 M 30 1 01 0 
312 F 93 1 411 0 | 1 3 
314 丨M 66 0 1 1 1 1 16i ； 3i t 
315 IM 75 I 1 1 
316 1 M 51 20 12 1 ！ 0 1 
2 20 12 1 j 1 
320 F 90 0 0! ！ o i 1 
3251 F 82 01 3 1 ！ 0丨 i 3 
326 F 70 1 i ！ 1 
327 1 M 54 1 1 3 361 1 i 1 3 61 1 
2 1 3 361 
61 
328 M 96 0 i 451 0 3 
329 M 20 0 丨 0 ‘ 0 
3 跑 M 79 i 0 i 1 0 1 ！ 3 
331 F 70 0 1 1 6 0 3 
30 1. 
3 3 3 M 75 0 3 
3 3 5 F 66 
3 3 6 M 64 0 17 
337 F 77 
3 3 8 F 64 0 1 3 
339 M 72 0 1 1 i 1 0 J 
340 1 F 86 01 1 41 丨 0 1 3 
2 o l L _ . i — . 4 L_ 
341 1 M 61 1 4 i 46 i 18 3 
2 1 1 30丨 19 j 1 19 1 
19 1 
3 4 2 M 44 t 0 丨 1 11 1 25 
343 M 5S 0 1 ！ 4 7 0 t ! ! 3 
344 F 8€ > 3 1 121 
345 M I a 1 5 丨 0 ！ -1 
6 1 
3 4 6 M 6£ c 1 1 t 1 < 3 i 
3 5 1 M \ 
21 
！ i '： 
352 1 M 261 c > G 1 
3 5 3 I M 5 7 1 
355 M 7 4 1 1 » 1 t. r \ 
35e M 6 1 1 » 1 r J 
3 5 7 r F 88 1 4« J Q 1 J 
35« i M 7 8 1 1 1 1 1 1 u 各 
： i 1 3 . 0 ( ) 
35J ) 1 F 8 7 1 1 t ) 1 C )
2 i 1 1 s } 
3 1 1 1 9丨 1 ! 1 1 1 
4 1 1 i 1 ! i 9 1 1 i ！ 1 i 
36( D IF 4 9 1 1 ！ 1 1 1 i i ！ < 3 C ) 丨 ° 1 1 ! i 1 i i i 491 1 i ！ 
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ZASE S C A S E SEX A 
H I S T O L O G I C A L P A T H O L O G Y 
H & E 
UVER 1 P A N C R E A S H E A R T 
G E MORI = 1 =C 1 1 1 M I T O T H E R 1 ^ J0R2!AN NOR3> 
361 6 0 0 01 0 
362 r 52 0 01 0 
3 6 3 F 7 9 48 11 0 
3 6 4 M 74 0 1 23 
3 6 5 M 2 4 11 0 
3 6 6 M 62 0 0 0 
3 7 0 M 7 9 0 0 3 
371 F 6 0 0 1 50 1 3 
372 M 49 51 12 3 
3 7 3 1 M 51 1 5 2 1 3 
2 
3 7 4 F 7 5 1 1 30 12 3 
375 F 73 1 0 1 3 
3 7 6 M 71 1 0 6 ！ 0 ！ 3 
377 F 64 i 0 1 61 0 01 
3 7 8 F 6 4 1 0 1 1 I 1 ！ 3 
3 7 9 F 90 0 1 0 丨 3 
380 M 35 1 8 0 01 
381 1 M 55 0 1 14 1 1 _ 1 
2 0 1 14 1 
382 1 M 1 77 1 3 1 4丨 01 
2 7 1 521 ！ 1 
383 M 51 1 1 191 1 31 
1, i i 2 i 3 8 5 1 M 50 i 51 1 1 
2 i 51 1 1 ！ ' t 1 ' , 1 j 1 1 j 
3 8 6 F 87 01 丨 i i l O i Oi ； 3 
1 
[ 1 1 丨 丨 i 丨 丨 531 ! 
i 1 ! i i 541 1 …… i 
387 1 M 64 
• ' i 1 1 ; 1 ! 55 丨 0 ！ ： 16 
2 I i ！ i 
388 M 91 0 ！ 4 8 0 _ _ ！ _ 1 
389 F 80 0 1 i 56 丨 0 1 
390 1 M 85 1 1 1 i 3 0 o i 01 
2 ] 30 1 
392 F 73 6 21 32 i 3 
3 9 3 F 79 0 0 0 
3 9 4 M 72 3 1 1 2 3 
397 F 69 7 1 30 3 3 
398 F 71 0 1 0 3 
400 F 72 
401 M 33 1 0 0 
4021 ^ M 691 0 11 3 
1 2 0 j 
403 M 45 22 0 0 
404 1 F 69 8 22 3 
2 1 
405 M 83 6 3 1 1 3 
406 F 83 1 2 1 30 1 3 
407 1 M 78 8 30 0 3 
2 a 30 j 
408 1 F 92 0 1 1 0 1 3 
2 1 0 1 1 
1 1 
410 1 M 72 1 1 23 ！ 6 ； 1 i ： 3 
24 i 
T ~ " ： 3G 
i 1 1 1 -f— 1 為 412 ： 1 F 72 M G 1 1 1 i1 o T • ‘ 3 t 
2 1 f 1 1 
4 1 4 F 3 1 1 1 1 i c 1 0 丨 
4 1 5 丨M 201 1 1 .! : 0 —- —« • • i • - t • • •_. •— 1 —t— - • - . -.i 1 4 i e ) F 72 5 2 > 1 i ^ J 1 ； i 2 
4 1 7 f M 5 1 1 1 1 1 4 i 2 I 
4 1 £ \ M 4 « J 1 1 21 1 ‘ i 1丨 G 1 
41S ) M 62 > 0 | 1 ： 41 1 —f----i 厂 1 
1 £ 14 k 
42C ) M 1 1 ！ 1 1 ： S 1 ： ：： 1 42i > M 1 5S J e 5 1 1 i I 1 丨 41 
42C i F 丨 201 ！ 1 丨 ！ 丨 o i 丨 c ) 42' F 丨 531 i 01 i 1 1 01 i 01 
4 2 ! 5 丨 F 丨 9 3 1 O i 丨 丨 ！ ！ ! 1 1! 1 0 ! 
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HISTOLOGICAL PATHOLOGY 
H&E 
UVER PANCREAS 1 HEART 
CASE S CASE SEX AGE N0R1 C F FC 1 N T OTHER NOR2j AN 1 NOR3I AN 
426 M 70 1 
429 M 51 0 3 
430 1 M 53 0 41 23 
4 
3 
2 0 6 
57 
3 6 




431 1 M 53 1 3 I . J I 141 
2 0 1 1 1 r 
432 M 71 8 41 01 幻 
. 1 . 
433 F 63 2 11 I 24 26 
436 F 91 41 1| 3 
437 M 69 24 1 1 1 3 
1 241 1 { • 
438 F 55 1 1 1 3 
439 M 41 0 1 4 1 0 01 
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Appendix 3. Histological Changes of Liver Using Perls' Stain. 
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Abbreviations: 
BDE Bile duct epithelium 
HEP Hepatocyte 
KC Kupffer cell 
MC Macrophage cluster 
NPHG Grade of Rowe's 1 Method h a hepatocyte 
NPKC Grade of Rowe's 1 Method i a Kupffer cell 
S CASE Subcase 
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HISTOLOGICAL PATHOLOGY 
PERL S STAIN 








I d ^ l 
• n i H H • K H • K M 0 
2 f ： 52 0 0 01 01 1 1 0 0 11 01 0 0 
4 1 F 66 0 0 0 0 0 0 0 0 0 0 0 0 
2 
3 
5 \A 26 
7 : 73 0 0 0 1 1 0 0 0 2 0 0 0 
9 : 79 0 0 0 0 1 0 0 0 2 0 0 0 
10 52 0 0 0 0 0 0 0 0 0 0 0 0 
11 73 0 0 0 1 1 0 0 0 0 1 0 0 
12 78 1 1 0 0 1 3 0 0 0 0 3 0 
14 1 F 73 0 0 0 0 2 2 1 0 2 0 0 0 
2 0 0 0 0 2 2 1 0 2 0 0 0 
3 0 o l 0 01 2 2 1 0 2 0丨 0 0 
4 0 | 01 0 01 2 2 0 0 2 01 0 0 
15 M 57 0 | 01 0 1 1 o l 0 0 0 1 01 0 0 
1 6 1 M 8 0 0 0 0 1 0 0 0 0 1 0丨 0 0 
2 0 0 0 1 0 0 0 0 1 0丨 0 0 
17 F 75 —丨 1 
1 8 M 6 2 1 0 0 0 2 2 0 0 0 0 1 0 0 
19 1 M 6 1 2 0 0 0 1 0 0 0 1 1 0 1 . 0 0 
2 1 i i 
2 0 F 83 0 0 0 1 0 1 0 0 0丨 0 0 0 1 0 0 
21 M 49 0 0 0 0 0 1 0丨 0 0 0 1 0 0 
22 1 M 68 1 1 0 0 1 1 1 1 ！ o l 0 o l 1 0 
2 1 1 0 0 1 1 1 ！ 0 1 0 0 1 1 0 
24 M 58 1 0 0 1 2 1 0丨 0 | 01 31 0 0 
25 M 8 1 0 0 0 1 1 0 0 0 1 1 1 0 | 0 0 
28 F 79 0 0 0 1 0 0 0 0 1 1 0 0 0 
27 M 80 ！ 
28 M 77 0 0 0 1 1 0 0 0 1 1 0 0 0 
29 1 F 84 1 0 0 0 1 0 0 0 0 0 0 0 1 0 
2 1 01 0 | 0 0 0 0 [ 0 0 0丨 0 01 1 0 
3 0 0 0 1 0 0 0 0 0 1 0 0 0 
1 1 ] 
30 F 84 0丨 0 o| 1 2 1 1 0 1 0 0 2丨 0 1 0 0 
— • 31 M 43 01 0 01 1 1 1 1 0 1 0 0 1 01 1 0 0 
32 IM 7 1 1 0 0 31 0 1 01 0 0 0 0 2 0 
33 l iM 35 1 1 i 
341 1 M 45 1 0 0 01 3 1 1 0 0 1 0 1 0 1 1 — I... . 1 • - 1 
1 2 厂 ‘ 
1 . i 1 
35 M 2 8 0 0 0 2 0 0 0 0 0 0 0 0 
36 1 F 85 0 0 0 0 2 2 1 0 0 0 0 0 
2 0 0 0 0 2 2 1 0 0 0 0 0 
37 1 M 6 8 0 0 0 2 1 0 0 0 2 1 0 0 
2 1 0 0 1 2 0 0 0 
2 0 0 0 
3 8 M 5 0 
4 0 M 9 0 
4 1 1 M 7 7 1 0 0 0 1 1 0 0 1 1 0 0 
2 0 0 0 0 1 1 0 
0 0 0 0 0 
3 0 0 0 0 1 1 0 0 0 1 0 0 
4 
4 2 M 7 7 0 0 0 1 0 0 0 
0 1 0 0 0 
4 4 M 3 3 0 1 0 0 1 0 0 0 0 0 0 0 0 
4 5 ； 1 F 5 9 1 1 0 0 1 0 0 0 0 2 0 0 0 
2 0 0 0 1 1 0 0 0 
2 0 0 | 0 
4 7 7 7 ！ i 
4€ ； 5： > ！ 
4£ > 3C 1 0 G 1 0 丨 1 0 0 0 Q 丨 1 1 0 0 丨 0 
5C I 6C ) 0 Q 1 a 丨 0 0 t 0 丨 0 Q 1 0 | 0 0 0 
51 1 7C ) 0 c 1 Q 1 0 丨 2 : 1 0 1 0 1 c 1 3 0 0 
5C J 5J ) 0 c 1 Q 1 1 0 丨 0 1 Q 丨 c 1 1 0 丨 Q 0 
5 ‘ \ 6{ J c c 1 c 1 0 1 2 : 1 G 丨 c 1 1 0 丨 c 0 5i > 1 r 8 ( ) c 1 c I c 1 1 G 1 0 1 0 1 c I c ) 0 1 c 0 
> 
1 i 
5( 3 6i 3 C ) c ) c ) 1 1 1 c 1 o l 1 0 1 c ) 0 
5： 7 , 5 ： 7 ！ 
5J S 9( 3 1 i 1 1 
1 I I I • , In 1 61 o| 丨M 5J 3 ( ) ( D C ) c ) ‘ c ) c ) 0丨 2丨 0丨 0丨 0丨 • , • 1 A 1 1 A 1 
62 iM ！ 40! 
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HISTOLOGICAL PATHOLOGY 
PERLS STAIN 
LIVER HEP UVER KC 
CASE S CASE SEX AGE 
63 M 48 K l l • K i i H m • B l • D l mmammsi • E I • E l ^ K U ^ K l l • • u 
04 F 65 
65 M 78 o l 0 0 2 1 0 0 0 0 0 0 0 
66 M 43 1 0 0 0 1 0 0 0 0 0 0 0 
67 F 78 0 0 0 2 0 0 0 0 2 0 0 0 
68 1 M 76 0 0 0 0 2 0 0 0 0 2 0 0 
2 
69 F 94 0 0 0 0 2 1 0 0 1 0 0 0 
70 F 78 
71 M 55 0 0 01 0 1 0 o l 0 1 0 
73 F 74 1 1 i 
74 M 48 01 0 0 2 01 0 0 0 1 o l 1 2 0 0 
75 M 471 0 | 0 0 01 01 0丨 0 0 o j 1 _ 1 0 0 
76 1 F 781 01 0 0 1( 11 0丨 01 0丨 1 丨 01 01 0 
2 1 1 1 0 0 1 1 0 | 0丨 0丨 0 i 1 i 01 01 0 
77 F 66 0 0 01 …—1— 2 01 01 0 1 1 01 0 0 
78 M 22 0 0 01 1 1 1 0丨 0 1 0丨 0 3! 0 0 
79 F 87 0 0 0 1丨 1 01 0 0 0 0 0 o | 
80 M 72 0 0 0 1 1 0 ! 0丨 0 0 2 0 0 01 
81 M 65 0 丨 o l 0 11 01 0! 01 0 1 0 0 0 
83 F 65 o | 1 0 i 0丨 3 丨 1 01 0 0 3 0 0 
84 1 ！M 741 1 j 0 0 1 0丨 2 1 1 丨 01 0 1 0 0 1 0 
35 F 831 0 0 0 1 01 0 0 0 1 0 1 0丨 0 0 
86 F 32 0 0 0 0 2 1 0 0 0丨 2 ! 0 0 
89 1 M 63 0 0 0 . 1 1 1 0丨 0 0 01 2 | 0 0 
2 0 0 0 1 1丨 01 0丨 0丨 01 0丨 2 ! 0 0 
90 M 80 0 0 1 0丨 11 01 0 | 01 0 1 11 01 0 0 
i I 1 ！ i i i ‘ 
91 1 M 64 1 0 01 1 i 1 1 01 0丨 0丨 11 0 1 0丨 0 
2 1 0 01 1 1 1 1 01 0丨 0 1 1 0 o l 0 
92 M 70 1 1 1 ！ 1 
1 1 
93 F 54 1 0 0 0 2 0 1 01 0丨 01 3丨 Ot 0 0 
94 F 731 0 0 0 0 0 01 0丨 0 11 0 0 0 
95 1 M 1 35 0 0 0 0 0 01 0 | 0 01 0 0 0 
2 1 0 0 1 0 1 0丨 01 0丨 0丨 1 | 0 0 
3 1 0 0 1 1 1 0丨 o f 0 1 1 i 01 0 0 
96 I F I 67 0 0 0 1 2 1 1 1 01 0 1 0 0 i 0 0 
98 M 74 1 0 0 0 3 ！ 0 1 0丨 0丨 0 丨 2 0 0 
99 F 97 0 0 0 2 1 ！ 1 1 o f Oi 1 1 0 0 0 
101 F 36 0 0 0 0 0 0 0丨 0 | 01 0 01 0 
102 1 F 55 1 0 0 1丨 1 1 01 o i 1 1 0 01 0 
2 0 0 0 01 2 1 1 01 01 1 i 0丨 01 0 
103 M 58 0 0 1 0 | 1 0 0 1 01 o l 2 i 11 1 丨 0 
104 M 48 ！ • … ― ！ ‘ 1 • ； i l k . ' 
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c :ASE S CASE SEX A 
1 HISTOLOGICAL PATHOLOGY i 
PERLS STAIN 
GE MC kWd•？卜J:W;iJU:MWI; l :【eMJId:WlJU:W•似【«•!•似【MIUyi is i^ l i ! l i i ; i sEEl i4af f i l 
！ 
1 
1 1 i i 1 1 
137 1 A 53 1 1 0 1 11 1 0 11 1 1 
— 
2 0 0 0 1 1 0 11 1 0 
一 3 1 1 0 2 0 0 1 1 
• 4 1 1 0 2 0 0 1 0 
一 5 1 1 0 1 0 0 1 0 
— 
6 0 0 0 1 0 0 1 0 
“ 1 3 8 7 8 0 0 0 2 0 0 0 0 0 
- 139 66 0 0 0 1 0 0 0 0 1 0 0 
-
1 4 0 1 62 0 0 0 0 0 0 0 0 0 01 01 0 
- 2 0 0 0 0 0 0 0 0 0 01 o l 0 
一 1 4 1 M 73 0 0 0 0 0 0 0 0 0 0 0 0 
144 F 72 0 0 0 0 0 0 0 0 0 0 0 0 
145 M 30 0 0 0 1 21 1 1 0 0 0 0 01 0 
146 F 1 721 0 01 0| 1 1 01 of 0 0 0 。丨 0 
147 F 1 74丨 0 1 Ol o l 0 0 0 01 0 0 0 o l 0 
14a IM 651 1 」 1 I 1 1 
150 IF 641 0 0 0 0 o i 0| o l o i o l 01 01 0 j 
1 1 1 1 1 
‘ 1 1 1 1 
151 M 51 1 0 0 0 0 1 0 1 0丨 01 0 j 1 丨 0 o l 0 
152 M 671 0 0 0 01 01 0丨 0丨 01 o i 0 01 0 
153 1 F 41 o l 01 0丨 o l 01 o j 0 ! 0丨 01 2丨 0丨 0 
1 1 ！ 1 1 1 i i ‘ 1 i I 
2 1 i o l o l 11 0 1 0丨 o l 01 0丨 01 0 0 
1 1 
1 i 1 i 1 1 1 I 1 ！ 
154 F 68 0 0 01 1 11 21 1 ！ o l 1 1 1 1 1 0 
155 1 M 61 1 0 01 1 1 l 11 01 01 11 11 0| i 0 
2 1 1 0 1 11 0 | 01 01 1 i 1 ！ OJ 1 0 
156 1 M 64 0 0 0 0 o i 01 o i 0丨 21 Oi Qi i 0 
2 I 1 1 1 1 1 ] 
3 0 0 1 ol 0 1 0 ！ 0| 0 1 21 1 I 0 1 0 
1 1 1 1 ！ ‘ i 1 
157 1 1 丨M 1 551 0丨 1 01 1 0 1 0 0 0 0 ! 0丨 0: 1 0 0丨 0 
2 ; r 1 i 0 丨 0丨 0 1 0 0 t 0 01 0丨 1 1 0 0丨 0 158 1 IF 1 68 0 0 0 1 0 0 0 0 丨 o l 1 1 0 0 0 
2 1 1 i I 丨 1 i I 1 1 
159 M i 79 丨 0 0 01 0 1 0丨 0丨 0丨 0丨 0 o i 0 0 
1601 1 M 1 S9| 0 1 0 01 1 1 0 1 1 01 0 1 0丨 0 0 
2 1 01 0 01 1 1 2 1丨 0丨 0 1 01 0 0 
161 M 50 1 0 0 01 1 2 1 0 0 1 1 1 0 0 0 
1 ！ i 
162 F 33 0 0 1 01 11 2 1 0 0 1 1 1 0 0 
163 M 65 
165 1 F 661 0 0 0 1 1 0 0 0 0 0 0 0 
2 0 0 1 0 1 1 0 0 0 0 0 0 0 
167 M 36 0 0 0 2 1 1 1 0 0 1 1 0 0 
1 1 1 f 
168 F 89 0 0 0 2 1 0丨 01 0 1 1 1 0 
1 1 ！ ！ 1 
169 丨 M 79 0 0 1 0 2 2丨 1丨 0丨 0 | 2 0 1 0丨 0 
171 1 F 67 0 0 1 0 1 1 ！ 0丨 0丨 0丨 1 0 1 0 1 0 -1 
1 1 1 1 1 d 
2 0 0 0 1 1 01 0 丨 0| 1 0丨 0 o l 






I I ! ! 
174 M 51 0 0 0 丨 1 1 01 Oi 0 i 1 1 0丨 a 1 
17S ) M 72 1 1 1 1 ！ ； ‘ _ 
17e ！ F 78 i 0 丨 Q 1 Q 1 1 1 1| C 1| 01 1 1 1 Q 1 0 1 
1 
1 
丁 i 1 1 _ 
171 r M 72 ！ 0 1 Q 1 c 1 2 2 ：| 01 c |1 Q r r 2 
r|" —1 
:l 11 a 丨 0 丨 
18C ) M 5e i 0 1 G 1 c I 1 1 1 1 c ) c T o l 0 1 0 r 
131 1 F 67 r 1 1 1 _ 
185 > M 21 c 1 C 1 0| 2 ： 1 c > c ) c >1 ot c 1 c 1 Q 1 
18C J M 4€ 5 C > C 1 01 1 1 1 ！ Oi c )| 1 1 Q 1 c 1 G r 
1 1 ！ 1 ‘ i : 
-4 18! 3 F 701 1 ！ 1 1 1 ‘ i ； ！ 
181 S F 81 1 i i , 丨 — ！ t 1 t .— “ . >- -‘ •- • • 
1 1 1 1 ! .丨 1 J 1 1 ! 1 1 1 
1881 IM 丨 W 1 i i 1 1 ！ ‘ 1 I 1 1 
189l IF ！ 6： >i 0丨 0丨 0丨 1 丨 丄 ― 1 0丨 0丨 0丨 C ) 1 t 01 c ) l n 
i 
190l 丨 M 丨 61 3| 0丨 0丨 0丨 1 11 0丨 0丨 0丨 （ 1 
！ 
M C ) 01 c 
1 1 
1 
！ ！ 1 • i 1 i i i i 
191丨 丨F 丨 31 Oi 0丨 0丨 U 1丨 < 3i o l 01 1丨 0丨 01 ( 
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CASE S CASE SEX AGE 
HISTOLOGICAL PATHOLOGY 
PERL S STAIN 
UVER HEP 丨 UVER KC 
MCI BDE NPHGQ NPHGli NPHGa NPHG3 NPHG4 NPKCOt NPKCl l NPKC2I NPKC3| NPKC4I 
1 1 1 1 i i ! ： j 
192 M 85 0 0 0 1 11 01 01 Ot 01 01 0丨 0 
194 1 M 54 1 1 0 1 11 11 01 0 11 11 1 0 
2 1 0 0 0 1 11 0 0 1 1 1 0 0 
195 F 70 1 1 
196 M 75 1 i 
197 M 73 1 
199 F 87 1 0 0 0 0 0 0 0 0 0 0 0 
200 F 78 1 0 0 1 1 0 0 0 1 1 1 1 
201 M 38 
202 M 61 0 0 0 0 0 0 0 0 0 0 0 0 
_____ 
203 M 37 1 
204 F 79 0 0 0 0 0 0 01 0 0 0 0 0 
205 M 75 o l 0 0 1 1 01 01 0 1 0 0 0 
209 M 48 0 0 0 2 1 o l o l 0 1丨 1 0 0 
210 F 88 0 0 0 1 0 1 0 1 o i 0 1 0 0丨 0 0 1 0 
211 M 69 1 1 ! i i 1 : 
212 1 M 68 1 0 0 2 1 丨 0 丨 0 1 0 1 2 | 1丨 0 0 
2 1 0 1 0 0 2 1 i 0 1 o l 0 1 2 1 1 1 1 1 0 
！ i ! 1 1 ! 1 1 1 i 
214 IF 84丨 i i 1 1 i ! 1 ! i 
215 IM 631 0丨 0丨 0 1| 0 丨 0 丨 0 丨 0 1 2 ' 1 
] ^ “ 厂 … 丁 
！ 0 1 0 
216 1 1 M t 37 丨 0 1 0 t 0 2 i 1 i 0 1 o i b' 0 1 0 
2 i 1 丨 0 1 0 1 0 丨 1 | 1丨 0 丨 0 丨 0 丨 2 i 1 0 丨 0 
217 1M 1 80 i Oi 01 01 1 1 21 11 01 01 1 i 0 1 0 1 0 1 1 ] • ‘ . 1 1 ！ 1 1 ： ： i 
220 
M I 471 
01 
I 
221 1 F 丨 6 4 丨 1 i i i 1 ！ 1 ‘ ‘ ‘ ！ 
222 1 1 1 0丨 i ； ； 01 01 11 1 丨 0丨 0 
2 ! 1 0 1 01 1 0丨 0 01 01 11 11 0 1 0 
225 1 IM 42 0 0 01 1 1 1 1 1 0 0 0丨 0 0 0 
2 0 0 0 1 1 1 0 0 0丨 0 0 0 
226 M 791 0 0 0 1 0 0 0 0 1 0 0 0 
229 1 M 50 
2 0 0 0 1 2 1 0 0 J J 1 0 0 
3 0 0 0 1 1 0 0 0 1 1 0 0 
i 1 1 
230 1 F 691 0 0 0( 2 1 1 0 0 2 1 0 0 
2 1 0 0丨 3 2 0 0 0 2 1 0 0 
232 F 78 0 0 0 | 1 1 0丨 0 0 0 0 0 0 
2331 M 73 0 0 0 1 1 0 丨 01 0 0 0 0 0 
234 M 72 0 0 0 1 0 0丨 0丨 0 1 1 0 0 
235 1 M 64 0 0 0 1 1 0丨 0 0 0 0 0 0 
2 0 0 0 1 1 0丨 0 0 0 • 01 0 0 
3 0 0 0 1 1 01 0 0 | 0 0 01 0 
•--•• ： 1 i ！ I 1 
236 M 59 1 0 0丨 0 1 11 11 0 11 11 01 0 
237 1 F 57丨 0 0 01 1 1 1 丨 01 0 11 11 1 OJ 
2 1 0丨 0丨 0丨 1 1 11 0丨 0丨 1丨 01 0 0 
238 M 1 55 0 0 01 1 11 21 0丨 01 01 0丨 0 0 
1 1 i . i i ！ i ！ 
1 ！ 1 1 1 ！ 1 1 
239 F 77 0 0 0 1 i 1 0 0 丨 o l 1 01 0 0 
240 F 83 0 0 0 2丨 1丨 0 0 0 ! 1丨 21 0 0 
242 F 丨 7 1 0 1 0 1 1 2丨 1丨 0 0 1 1 -h 1 2 t- • 一 ！ 1 t 0 
243 1 M 丨 55 i 0 0 0 1丨 1 1 1 1 0 —0. ！ 1 1 1 1 0 
2 1 0 0 1 1 1 0 | 0 1 1 0丨 0丨 0 1 1 • 1 • 
244 1 F 56 0 1 0 1 1 1 1 11 01 1 11 0 ！ 0一 
.1 1 1 ！ 1 . ‘ 1 ‘ ； ： ‘ . L ；. ‘ 1 • 1 
245 M 丨 5 9 0 1 0 1 0 1 1 1 2 1 1 ！ 0 1 0 1 1 0 ！ 0： 
249 1 M 丨 5 7 0丨 0丨 0 1 2 :| I i 0 i 0 "I 1 丁 . . - - 1 1 1 0, 
250 丨 M 丨 7 4 0 1 o l 0 1 2 1 丄 … . 0 1 0 1 1 ！ 1 i 1 1 0 r-1 1 1 1 1 1 1 j 1 i 1 1 251 i F i 4 5 丨 01 0丨 0丨 0丨 0丨 01 0丨 0丨 0丨 0丨 0 
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CASE S CASE SEX A 
HISTOLOGICAL PATHOLOGY 
PERLS STAIN 
GE MCI BDE| I 
i 1 1 1 1 1 i 1 1 1 
252 45 o l 01 0 0 01 0 0 0 0 0 0 0 
253 32 1 1 1 
255 - 1 22 ！ 1 i 
256 IF 85 1 1 
258 IM 78 1 1 1 
259 1 IM 73 0 0 0 1 1 0 0 0 1 11 1 0 
2 0 0 0 1 1 0 0 0 1l 1 1 0 
261 62 0 0 0 1 0 0 0 0 1 0 0 0 
262 F 641 ！ i 1 1 1 
263 F 881 0 0 0 1 1 0 01 0 | 2 1 2 1 0 
i 1 1 
265 M 5 0 i 1 1 1 i 
266 M 60 0 0 o l 0 0 o l o ! o i 01 0 1 0 0 
2 6 7 1 M 4 1 0 0 0! 1 1 1 01 01 01 1 i 1 i 0 0 
1 1 1 ! ' ! 1 i 
2 t 1 0 0 0 1 11 01 o l 01 1 ！ 11 0 0 
268 M ！ 8 1 1 1 1 ！ i 1 ] ！ • … 一 . t - � -
2 6 9 F i 871 01 Oi 0 0 0 0丨 01 01 2! 11 0 1 
2 7 0 M \ 84 1 i 1 ： 1 • » « • ‘ 
2 7 1 1 M 丨 6 3 1 r ！ ‘ i ‘ . 1 ; ' i i o l 1 i Ol o j 
— 1 
2 7 3 M 3 4 01 01 01 o | o | 01 Ol 6 ] 1 
i 
1 
I 1 1 1 
1 , t ： • 
； ； 1 • ； 1 
274 M 52 0 0 0丨 0 0 0丨 0丨 0丨 1丨 1丨 0 
276 F 85 1 i i 1 ； i j ： i 
278 M 75 o l 01 01 1 ！ 11 0丨 01 0丨 1丨 1丨 0 
280 |M ！ 7 5 [ 1 1 i i 1 i i _ • _ . - — — - t - — — - - • — t — 一 . — • 一 一 
2 8 1 !M 7 4 1 0 0丨 0丨 21 1 i 0 1 0; 0 0 2丨 0丨 a 
1 1 1 ！ ； 1 ！ i "1 ！ i 
282 IM I 26| 1 11 01 0 11 11 o l 01 0丨 11 2丨 1 01 
1 ！ i ！ ！ 1 ； 1 1 . 1 > 1 ‘ 
2 8 4 M 1 681 Ol 01 0 1 1 01 1 0 0丨 0 ! 01 0 0 0 
1 ！ . ！ ！ i 1 ； ； i 
285 i 1 IM 3 1 0丨 0丨 0 11 1 0 1 0丨 0丨 1 i 1 ！ 0 0 
286 M 77 01 0 1 0 1 1 01 0丨 o | 31 1i 0 0 
2871 F 7 4 ！ i 1 一 1 1 ！ 1 ！ 
2 8 9 IF 88 1 0丨 0 01 2 丨 1 11 0丨 0丨 01 01 0 0 
290 F t 69 i 0 0 0丨 1丨 2 1 11 of 0 1 21 1 1 0 0 
i i ‘ ！ ！ ！ ‘ ！ ： 1 
291 M ！ 3 3 1 ！ 1 i i 1 1 1 1 I 1 1 
2 9 4 M 丨 321 i 1 1 i • 1 
295 F 77 0 0 01 1 1 0 0 01 1 丨 0 1 0 0 
2 9 8 1 M 57 0 0 01 0 0 1 0 0 01 1! 1 ！ 0 0 
.1 ！ 
I 1 ! • . 1 , 
2 1 0 oi- • 0 0 Oi 0 丨 0 1丨 1 1 i 0 0 
3 1 丨 1 0 1 o l 0 0 0 1 0 丨 0 1 11 1 0 0 
299 1 IF 丨 881 0 0 0丨 0丨 0 0丨 0丨 0 i 0丨 0 0 0 
2 1 1 I 0 0 01 0 | 0 0丨 0丨 0 丨i 0丨 0 0 0 
3 0 0 IF 1 831 01 1 0 1 1丨 1 21 1 1 0 丨1 1 丨 。 0 0 
301 ！F 丨 57 1 01 0 i 0 | 1! 1 丨 01 01 0 丨 1 1 ‘ 0 0 0 
302 F j 33 i 0丨 0 0丨 0 0 | 0 丨 0丨 G 1 1丨 0丨 0 0 
3 0 3 1 M 1 6 1 0丨 0 ( ^ 1 0 0丨 0 1 0丨 c 1 1 i 0 1 0 0 
2 1 1 1 0 1 0丨 0丨 0 1 Oi 0 1 01 c II 01 . 0 1 0 丨 0 • 
3 0 4 丨 1 IM 丨 65i 1 t 11 01 1 1 1丨 1丨 0 1 0丨 0丨 0丨 0丨 0 1 
1 j i 1 1 ‘ 1 {： 0 d S 2 1 1 0 1 1 1 1 1 1 0 1 0 1 丨 1 01 0 • 
i 1 1 i 1 1 1 ！ 1 1 . _ 
306 i 丨M 5S » G 1 0 1 1 1 1 1 1 ！ 0 丨 0 1 1 ； 1 2' 1 ！ 0 
1 
- ! 
307 '1 丨M 77 ‘ C 1 0丨 1 1 2 1 1 1 0 1 0_ 1 ； 01 
308 (1 IM i 2 8 丨 1 0 1 1 1 1 i 1 1 ！ ( )1 0 1 1 1 0, u - - • — — • -- f-••‘ ———~ 
)l 0 1 1i 0 | 0 1 c 
1 i 
\ 30S J M 3C ) C ) 0丨 1 1 1 C r 1 
3 1 2 > F J C ) o l 1 1 2 ！ 1 丨 ‘ 3 0 2 1 1 j 1 1 C � 31' M 6( > C ) )1 Ol 1 i 1 1 1 丨 < 3 01 Ol 0 j 0 j C r -4 
31J > M 7i 51 1 j i 1 j ！ ^ ； ： • ！ 1 •. i 
31« 3 1 1 M 5-1 0丨 0丨 0 | 1 1 C )i 0 | 0 | 0 1 1 : c ) 0 1 c I 
> 0丨 0 1 o l 1 1 C )| 0 丨 01 < 31 1 ！ C 
5 1 31 1 
) 0丨 c r 
H 32( D F i 9( D 01 0丨 o i C )厂 0 1 0丨 0 1 < 1 1 c ) c 
3 2 ! 5 IF , 8： 21 01 0丨 0丨 1丨 1丨 0丨 丨 0 01 11 ( )1 C ) c r 
32( 5 IF 71 r , i ！ ! 1 1 i 1 : 1 1 
327 丨 1 1M 1 5 . 4丨 0丨 01 01 1 1 1 1 1 1 o i o l 21 11 1 1 c r 
1 I I I 1 i ^ 1 ' ! • 1 1 , ) 1 ' ) 1 ' 1 1 
2丨 丨 丨 0丨 0丨 0丨 1丨 1丨 1 ： 01 Ol 1 1 1 . • 一 - • I I OJ i 1 1 \ ' ' • ‘ 
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HISTOLOGICAL PATHOLOGY 
PERL S STAIN 
UVER HEP ) • UVER KC 
CASE 5 CASE SEX AGE MC| BDE NPHGd NPHGll NPHGa NPHG3 NPHG4 NPKCOl NPKCll NPKC2I NPKC3I NPKC4 
3281 1 M 96 01 0 01 1 1 I f 0 01 21 1 1 1 0 
3291 IM 20 0 0 0 1 2 0 0 01 0 0 0 0 
330 M 79 0 1 0 2 2 1 0 o l 1 1 0 0 
331 F 70 0 0 0 1 1 1 0 0 1| 0 0 0 
333 M 75 
335 F 66 丨 
336 M 64 1 1 0 1 2 1 0 0 1 1 2 0 
337 F 77 
338 F 64 0 0 0 1 2 1 0 0 2 1 0 0 
339 M 72 0 0 0 2 1 0 0 0 1 2 0 0 01 
340 1 F 86 0 0 | 0 1 1 1 0 0 2 1 0 0 
2 0 01 0 1 1 0 0 0 2 1 0 0 
341 1 M 61 1 1 1 0 1 2 1 0 0 2 1 1 0 
2 01 01 0 1 i 21 1 丨 0丨 0 2 1 1 1 1 0 
1 ！ 1 1 i • 1 ； 1 ‘ i 1 i i i 1 1 i 1 ： ！ ： i i 1 
342 M 4 4 1 0 0 0 | 2 1 1 ! 0 1 0丨 0丨 3 11 11 0 
343 M 55 0 0 01 1 i 1 1丨 0丨 0 1 2 11 1 0 
344 F 1 8 6 0 0 0 1 1 i 1 o i 0 丨 0 11 1 I 0 0 
345 M 74 0 0 Ol 1 i 1丨 0丨 0丨 0 3 | 1 1 0 t 1 1 0 
1 
1 
1 I 1 t 1 ‘ 1 1 • 1 
346 M 65 0 0 0 1 1 1 0 0 丨 0 1 1 f 1 0 0 
351 M 74 1 1 1 1 i 
352 M 26 0 1 0 1 3 1 1 o l 0 1 1 1 1 i 0 0 
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IRON OVERLOAD IN HONG KONG CHINESE 
HISTOLOGICAL PATHOLOGY 
PERLS STAIN 
1 UVER HEP I UVER KC 
CASE S CASE SEX AGE MC BDE ： NPHGQ NPHGll NPHGa 1 NPHG3 NPHG4 NPKCOl NPKClI NPKC2INPKC3I NPKC4 
394 W 丨 7 2 0 0 01 1 丨 2 11 Oj 0 11 1 1 0 0 
397 F 69 0 0 0 1 1 1 0 丨 01 0 1 1 11 0 0 
398 F 71 0 1 0 2 1 1 0 0 11 1 0 0 
400 F 721 i 1 
401 M 331 0 0 0 1 0 0 0 0 1 1 0 1 0 0 
402 1 M 691 0 0 0 1 2 1 01 0 01 01 0 0 
2 1 0 0 0 1 2 1 o i 0 0 1 o l 0 0 
403 M 451 0 0 0 1 1 1 01 0 11 1 0 0 
404 1 F 691 1 0 0 1 21 1 0 0 11 1 1 0 
2 i 0 0 0 1 21 1 0 0 1 1 11 0 0 
405 M 83 1 0 0 21 1 1 0 0 11 11 1 0 
406 F 83 0 0 0 1 1 2 1 0 0 ol 0 1 0 0 
407 1 M 78 0 0 0 1 1 1 0 0 0 11 11 0 0 
2 0丨 0丨 0 1 1 1 1 0 0 1 i 11 0 0 
408 1 F 92 01 01 01 1丨 1 i 1 丨 0 01 1 , 0 ^ 0! 0 0 
2 1 0 0 1 0 21 1 1 1 ！ 0 1 o l 0 ! 0 0丨 0 
410 M 72 1 0 0 11 21 1！ 1 I 01 11 1 11 0 
i i i 1 ！ L j 
412 1 F 73 0丨 Ot 0丨 1丨 1 1 i 0 丨 0 丨 1 丨 0 ！ _ 0 | 
2 0丨 0 1 0丨 2 1 1 1 01 0丨 1丨 0丨 0丨 0 
414 F 31 I 0 0 0 1 2 1 丨 0 | 0 1 i 2 1 i 0 
415 M 20 0 0 0 1 i 0 0 oi 0 1 1 0 0 0 
416 F 72 0 01 0 1 i 1 1 0 ! 0 1 1 1 丨 1 0 
417 M 51 0 0 0 01 0 0 o l 0 0丨 0丨 0 0 
418 M 48 0 0 0 1丨 1 1 0 0 0丨 01 0 0 
419 M 62 0 0 i 0 o l 0 丨 0 0 
420 M 1 0 0 0丨 2丨 2 1 01 0 2丨 1丨 0 0 
422! IM i 59 0 0 0丨 1丨 Oj 0 0丨 0丨 1丨 0丨 0 0 
4231 IF i 20 0 0 0 2! 1 1 0 0丨 0 ! 0丨 0丨 0 0 
4241 IF I 53丨 0 0丨 0 1 1| 0丨 0! 0! 01 Oj 0 0 
425 IF 丨 931 1 1 ( 1 1 1 1 1 1 1 
426 M 70 i 1 1 i i i i 1 
429 M 51 1 i i 1 1 ！ 1 
430 1 M 53 1 1 0 1| 1 2 1 i 0 | 1 1 0 0 
1 1 
1 1 1 ‘ i 
1 ； ； i 
2 1 0 1 0 1 ！ 1 1 1 1 1 丄 1」 1 . 0 ！ 上 
！ i 1 1 1 1 . 1 1 
3 1 0 0 1丨 1 1 i 11 0{ 1 1 1 i 01 0 4 1 ； ‘ i i 
51 1 ！ . ‘ 1 
6 1 i i ！ 1 
7 1 1 : • 1 
431 1 M 53 0丨 0 0 1 1 0 0丨 0 丨 0 0丨 0丨 0 
2 0 0丨 0 1 1 0 01 0 1 0 0丨 0 0 
432 M 71 1 0 | 0 1 2 1 0丨 C 1 1 2 1 1 0 1 ！ 1 1 ‘ 
433 1 F 丨 631 0 0丨 0丨 2 | 1 1 i 0 ！ 01 1 1 1 i 0 0 
436 F 丨 9 1 0 丨 0 1 0 1 1 1 0 o j Oi 0 | oi 0丨 0 丨 0 
437 M 丨 6 S » 01 0 1 0 丨1 0 1 0 1 0 i ( ) l c )\ 0 1 0 丨1 0 丨 01 • \ 
i 1 I 1 i 1 i j L . 二--- - - - -
43« 1 F 551 丨 1 1 1 1 i 1 i 1 r 1 -! 
43£ > M i 41 1 C l i C >1 0 l l 1 1 1 1 0 丨1 < 〕l 01 0 1 0丨 。 丨1 o j 
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IRON OVERLOAD IN HONG KONG CHINESE 
HISTOLOGICAL PATHOLOGY 
PERL'S STAIN 
PANCREAS ENDO. 1 PANCREAS EXO. 
CASE S CASE SEX AGE sJPDGd NPDG1INPDG2 NP0G3 NPDG4 NPXGO 1 SJPXG1I NPXG2i NPXG3I NPXG4 
1 F 30 0 0 01 01 0 0 0 0 0 0 
2 1 52 0 0 0 0 0 0 0 0 0 0 
4 1 66 0 0 0 0 0 0 0 0 0 0 
2 
3 
5 S/1 26 
7 F 731 0 1 0 0 0 
9 F 79 0 0 0 0 0 0 0 0 0 0 
10 M 52 0 0 0 0 0 0 0 0 0 0 
11 M 73 1 0 0 0 0 1 0 0 0 0 
12 F 78 0 0 1 0 0 0 0 0 0 0 




15 M 571 0 0 0 0 Oi 0 0 0 0 ol 
16 1 M 801 0 0 0 0 0 0 0 0 0 dl 
2 
17 F 75 
18 M 62 0 0 0 0 0 0 0 0 0 0 
19 1 M 61 0 0 0 0 0 0 0 0 0 0 
2 
20 F 83 0 0 0 0 0 0 0 0 0 0 
21 ！M 49 0 1 0 0 0 ol 1 1 0! 0 0 
22 11 M 1 68 I 
1 J 1 r - -- - •---w -— —- ！ 
2 1 1 ！ i 1 1 1 1 1 i 
24 M 581 0 1 0丨 0 0 0丨 0丨 01 0 0 
25 M 81 1 01 1 01 0 0 0 1 0丨 0 1 0 0 
26 F 79 0丨 0 0 0 0 01 0} 0 0 0 
27 M 80 i 1 i ! 
28 M 77 oi 0 0 0 Oi 0 0丨 0 0 0 
29 1 F 84 0 0 0 0 Oi 0 ol 0 0 0 
2 1 1 1 
3 1 ( 1 
30 F 84 0 0 0 0 0 0 1 0 0 0 
31 M 43 0 1 0 0 0 0 0 0 0 0 
32 M 71 
33 M 35 0 0 0 0 0 0 0 0 0 0 
34 1 M 45 0 1 0 0 1 0 0 0 1 0 0 ( f 
2 i 
35 M 2 8 0 0 0 0 0 0 1 0 0 ol 
36 1 F 85 1 1 1 
2 
1 
37 1 IM 6 8 0 0 0 0 丨 0 0 0 1 1 0 1 0 
2 
38 M 50 1 1 1 
40 1 M 90 1 1 
41 1 M 77 ‘ a 丨 Q 丨 c 1 c 0 丨 0 1 c ) c 1 Q 1 0 
2 • 1 1 2 I 1 1 
41 1 i i 1 
42 ！ iM 77 ‘ c I 1 c ) 0 1 0 1 c 1 Oi 01 c 1 0丨 
44 t IM 3G J c ) c ) c ) 0 1 c 1 c 1 c ) l c )l c 1 0 H 
45 > 1 IF 591 01 C ) c ) 0 ! C ) c c )! C )； 01 •丨 
21 i 1 1 1 i 1 
47 7 F 丨 1 、 r 1 ！ 1 ‘ 1 1 
Al J F ！ 5： J 1 i 1 「 丨 1 i 
4< 3 M 3( ) c )i c ) 0 丨 Oi c ) c ) o l ( ) l 0 丨 0 
501 M 60丨 （ D| 0丨 0 | 01 C ) 01 ( 〕l c 〕i oi 0 
51 1 F 70! ( 〕| 0 ! 11 0丨 01 0 | Oi ” 01 0 
531 M i 59 丨 （ 〕i ( 〕l 01 < 31 ( ) ! 0 丨 < Di ( DI 01 0 
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HISTOLOGICAL PATHOLOGY 
PERL'S STAIN 
PANCREAS ENDO. 1 1 PANCREAS EXO. 
CASE S CASE SEX AGE siPDGQ NP0G1I NPDGa NPDG3 NPDG4 NPXGO NPXG1| NPXG2I NPXG311 NPXG4I 
54 68 0 1 0 0 0 0 Oi 0 0 0 
55 1 1 80 0 0 0 0 0 0 01 0 0 0 
2 
1 
56 : 69 Ol 0 Oi 0 0 0 0 0 0 0 
57 i VI 57 0 0 0 3 0 0 0 0 2 0 
58 ET 90 0 0 0 0 0 0 0 0 0 0 
60 M 58 0 0 0 0 0 0 0 0 0 0 
61 M 84 0 1 0 0 0 0 1 01 0 0 
62 M 40 0 0 0 0 0 0 0 0 0 0 
63 M 48 0 0 0 0 0 0 0 1 0 0 0 
64 F 65 I t ！ 
65 I M 78 0 0丨 0 o l o i 0 o l 0 0 0 
66 I M 43 0 0 0 o l 0 0 0! 0 0 | 0 
67 F 78 0 0 0 0丨 0 01 0 丨 0 Oi 0 
68 1 M 76 Oi 0 0 0丨 0 0丨 0 0 0丨 0 
2 i 1 ！ 1 
69 F 94 0 0 0 01 01 
70 F 78 
71 M 55 0 Ol 0 0 0 0 0丨 0 0 0 
73 F 741 1 
74 M 48 0 0 1 0 0 0 
75 M 47 0 0 0 0 0 0 1 0 1 0 0 0 
76 1 F ！ 78 0 0 0 0 0 o l 01 0 1 0 0 
2 1 1 ； 1 ： ： i ！ 
77 F 66 0 o i 0 0 0 0 1 0 0 1 0 0 
78 M 22 0 o l 0 0 01 1 01 0 0 1 0 0 
79 F 87 0 0 丨 0 0 0 0 丨 0 1 0 丨 0 0 
8 0 M 72 1 i ‘ ！ 
8 1 ！ ！M 65 ！ 1 1 1 1 1 1 1 
83 ！F 丨 65 0 1 1 0 0 1 0 丨 0 1 1 0 i 0 丨 0 0 
84 M 74 0 1 ！ 0 0 丨 0 丨 0 丨 0 丨 0 丨 0 0 
85 F 83 0 0 丨 0 0 丨 0 1 0 1 0 0 ！ 0 0 
8 6 F 8 2 0 1 丨 0 1 0 0 0 1 0 0 0 0 
89 1 M 63 0 0 0 0 0 0 0 0 0 丨 0 
1 2 
90 M 80 
1 
91 1 M 64 0 0 0 0 0 0 0 丨 0 ! 0 0 
2 i i 
92 M 70 0 o l 0 0 0 0 0 丨 0 0 0 1 
93 F 54 0 0 0 0 0 0 0 0 1 0 0 
94 F 73 i 
95 1 M 35 0 2 1 0 1 0 0 0 2 丨 0 丨 0 0 
2 I 1 
3 1 1 
96 1 F 67 0 c 1 0 0 0 0 0 0 1 0 0 
98 M 74丨 0丨 1 1 0 0 丨 0 0 丨 0 1 0 0 
9S 1 F 97 0 1 c ) 1 0 丨 0 丨 0 0 1 1 1 0 0 
1 0 1 F 36 i 0 1 0 1 0 0 丨 0 1 0 j 0 c ) 0 0 
102 ！ 1 F 65 i c 1 0丨 a 1 0丨 C 1 0 0 丨 c ) 0 丨 0 
2 > 1 
1 0 2 \ M 56 1 c I c ) 0 丨 C 1 C 1 0 丨 0 丨 c ) 0 1 0 
[ M 4£ i 1 1 
10€ M 66 ； c ) c ) c 1 C ) C ) 0 丨 1 o l c 1 0 
1 1 1 1 
10£ J F 6€ 1 1 1 
10S ) i'F 77 r 1 1 1 1 C || 1 1 c 3! C ) 0 
I K 3 IF 361 C ) 1 1 c )! C )1 0丨 C 丨 L c M ： 1 1 c ) 0 ————————i 
1 1 1 丨 i M 1 6： c ) 1 ' c )! C )! C )| I 1 ！ 
1 1 2 丨 i M ； 5 ‘ l i 1 1 Oi c )1 01 ( )T 1 i c ) i ( 〕丨 0 丨 0 1 
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H I S T O L O G I C A L P A T H O L O G Y j 
P E R L ' S S T A I N 1 
P A N C R E A S E N D O . 1 P A N C R E A S E X O . 1 
C A S E S C A S E S E X A G E \ 
114 F 5 9 0 0 0 0 0 01 01 01 0 | 0 
115 M 4 5 0 0 0 0 0 0 | 0 | 0 | 0 0 
117 F 4 6 0 1 O l 0 0 0 01 o l 0 1 0 | 0 
119 M 8 2 0 1 0 0 0 
1 20 F 8 7 0 0 0 0 0 0 0 0 0 0 
1 2 1 M 6 9 0 0 0 0 0 0 0 0 0 0 
1 2 2 M 6 0 0 0 0 0 0 0 0 0 0 0 
123 M 6 0 1 0 0 0 0 0 0 1 0 0 
124 M 8 2 0 0 0 0 0 0 0 0 0 0 
125 M 7 4 0 0 0 0 0 0 0 0 0 0 
1 2 6 M 5 4 0 0 1 0 0 0 0 0 0 0 
127 M 6 9 0 0 0 0 0 0 丨 0 0 0 0 
128 M 41 1 i 1 
129 M 5 0 1 0 0 1 o l o l 1 ! 0 1 o l 0 0 
131 1 F 2 9 
1 1 1 ！ 1 1 1 
！ 1 1 1 1 1 1 
2 1 I 1 1 ' 1 ! 1 1 
1 ！ 1 ‘ 1 1 i i 1 
1 3 2 M 6 7 0 0 o | 01 O i 01 O i 0 丨 0 0 
133 M 56 j 
1 r 
1 i ！ 
135 F 7 3 1 1 ! i 1 i 
！ i i 1 ！ 
t ！ 1 1 ！ 
137 1 M 5 3 1 0 0丨 0丨 0丨 1 0 1 1 0 0 0 
2 1 1 1 1 1 
[ i 
i 
3 1 — _ — 」 1 i 
4 1 i 1 1 1 1 
51 1 1 
6 1 1 ！ ！ 
138 M 1 7 8 0 1 0 0 0 o i 0 1 1 0丨 0 
139 M 6 6 1 0 L 1 0 0 1 0 1 0 1 0 0 1 0 0 
1 4 0 1 M 6 2 i 0 1 0丨 0 1 0 0 0 1 0 0 丨 0 0 
2 1 1 1 1 1 
1 4 1 1 M 7 3 1 0 1 1 0 0 0 0 1 0丨 0 1 0 0 
1 4 4 1 F 7 2 1 0 0 1 0 0 0 0 1 0 丨 0 1 0 0 
1 4 5 M 8 0 i 0 o i 0 0 0 0 1 o l 0 0 0 
1 4 6 F 7 2 0 0 0 . 0 0 0 0 0 0 0 
1 4 7 F 7 4 0 0 0 0 0 0 0 0 0 0 
148 M 6 5 
1 5 0 F 6 4 0 0 0 0 0 i 0 1 0 0 0 0 
1 
1 
151 M 5 1 0 0 0 0 1 0 1 0 0 0 0 0 
1 5 2 M 6 7 0 0 0 0 0 0 | 0 1 0 0 0 
1 5 3 1 F 4 1 0 0 0 0 0 0 1 0 丨 0 0 0 
； i 1 1 
21 i i T ! 1 1 
1 1 1 
154 I F 6 8 0 1 i 0 0 i 0 0 o l 1 0 0 
1 5 5 1 I M 6 1 0 o l 0 0 I 0 0 01 1 0 1 0 
2| 1 1 1 
156 1 M 64 1 0 ! 0 01 0 1 1 r 0丨 0 0 0 
2 1 ！ 1 I i 1 1 
3 1 i 1 1 1 1 1 
157 ’ 1 M 55 1 0 1 0 丨 0 0 0 01 0 丨 0 0 0 
r 
C > i 1 
156 1 1 F 68 I 1 1 
r 
C 
> I i 
15S H I M 7 £ 1 0 1 1 0 1 0 丨 0 丨1 0丨 c 1| 0 丨 0 0 
16C ) _ 1 1 5£ ) ！ 1 I ‘ ‘ i ： ！ 
] I 
！ i •I 
i 21 ！ ： i 1 i ； 1 ： 
161 1 1 I M i 5 01 C I I c ) i C ) c 1 : c ^ … c ) , c r c 丨！ o i 0 丨 
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CASE S CASE SEX / 
HISTOLOGICAL PATHOLOGY 
PERLS STAIN 
PANCREAS ENDO. PANCREAS EXO. 
、GE NPOGd NPDG1 NPDG^ NPDG3NP0G4 NPXGOl NPXG1 NPXGa NPXG3I NPXG4I 
162 F 83 
163 M 65 
165 1 F 66 0 1 0 0 0 0 0 0 0 0 
2 
167 M 36 0 1 0 0 0 0 0 0 0 0 
168 F 89 
169 M 79 
171 1 F 67 0 0 0 0 0 0 0 0 0 0 
2 1 1 
172 M 81 01 1 01 0 0 Ot 0 0 0丨 0 
1 1 i 
174 M 51 0 I i 0 0 0 0 0 0丨 0 0 
175 M 72 1 1 1 
176 F 78 0 01 01 0 01 0 01 01 01 0 
1 ！ 「 i i 1 
177 M 72 0 Ol o| 0 0 0 0 丨 o i 0 0 
1 8 0 M 56 1 i 1 1 1 
1 8 1 F 671 1 1 1 1 i 1 
1 8 2 M 21 1 0 01 0丨 0| 0 0 厂 0 0 丨 Oi 0 
183 M 461 0 01 01 0| 01 Oi 0 Oi 0 0 
1 1 1 1 1 1 1 1 
185 F 70 0 0丨 0 0 0丨 0 01 Oi 01 0 
1 8 6 F 8 1 0 0丨 0 0 0 0 0 丨 0 0 丨 0 
1 1 1 
1 8 8 M 84 0 1 1 丨 0 0 0丨 0 01 0 0 0 
189 F 62 i 1 1 
190 M 68 1 0丨 0 0 0 1 1 01 Oi 0丨 01 
！ 1 1 1 ' i 1 
191 F 70 0 Oi 0 0丨 0 0 0丨 0丨 0 01 
！ 1 ； ！ ！ 
192 M 85 1 0丨 0 0 0 1 1 0 Oi 0 0 
194 1 M 54 1 1 1 1 1 
2 1 ！ ！ 
195 F 70 1 1 
196 M 75 1 1 
197 M 73 0 0 0 0 0 0 0 0丨 0 0 
199丨 F 871 0 1 0 0 0 0 0 0丨 0 0 
2001 F 78 1 i 1 ； 
201 M 38 1 1 ！ 
202丨 M 61 0 0 0 0 0 o| 0 0 0丨 0 
1 1 
203 1 M 37 1 
2041 F 79 0 1 0 01 0 o l 0 01 0 丨 0 
2051 M 75 0 丄 1 0 0 0 o i 1| 0 丨 0 丨 0 
209丨 M 48 0 0 0 0 0 0丨 0丨 0丨 0丨 0 
210 F 881 0 0 0 0丨 0丨 0丨 0丨 01 0! 0 
211 M 1 691 i ‘ 1 1 
厂 0 
1 ！ ！ 1 
212 1 M 68 1 0 0丨 0! 01 1 1 0丨 0 0 
2 1 1 ‘ 1 i 1 I 丨丨 ； 1 1 1 1 1 ； ‘： ！ 
214 F 84 11 0 丨 0 01 0丨 1丨 0丨 0丨 0丨 0 
215 M 63 i 1 0 丨 0 0 0 1 丨 01 01 0丨 0 
2 1 6 i 1 M 37 0 0丨 0 0 0 0丨 0丨 01 0丨 0 
2 1 ‘ i 1 i 
217 M 801 a 1 1 i 01 0 0 I o i 0 丨 0 ! 01 0 
2181 M 601 ！ i i i 1 i 1 i i 1 ； • i i 
219 i M 47 i 1 i 01 0 丨 。 丨 o i 1 i Q i! 01 0 丨 01 
220 丨 11F i 69 丨 31 0 ； 0 ！ a 丨 0丨 3丨 C 11 01 01 Oi 
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C A S E S C A S E SEX > 
H I S T O L O G I C A L P A T H O L O G Y 
PERL'S STAIN 
PANCREAS ENDO. I PANCREAS EXO. 
、GE NPXG1 J l r W e W K I r / W c l J I s W e C 圓 




221 F 64 1 0 0 0 0 1 0 0 0 0 
222 1 0 0 0 0 0 0 0 0 0 0 
2 
225 1 M 42 0 0 1 0 0 0 0 1 0 0 
2 1 1 i 1 
1 
！ 
2 2 6 M 7 9 1 0丨 0 0 01 1 1 0 01 0 0 
2 2 9 1 M 5 0 0 1 ！ 01 0丨 0 
2 
» t i 
3 
\ i 
1 -i 1 i ！ 
,•丨丨 L. ‘ 
2 3 0 1 F 6 9 0 1 0 0 0 1 0丨 0丨 0丨 01 0 | 
2 1 丨 1 1 i i 
2 3 2 F 7 8 1 0 0 0 0 1 Oi 01 0 0 
2 3 3 M 7 3 1 0 1 0 0 0 1 0 1 0 1 0 0 
2 3 4 M 7 2 i 1 1 厂 i 
2 3 5 1 M 6 4 1 1 1 ！ ！ i 
2 1 1 1 1 I 1 ！ 1 1 1 
3 1 1 i 1 i 1 ： i 1 1 1 1 1 
i 1 I 1 ！ i 1 ！ ！ ！ ！ 丨 1 1 
2 3 6 M 5 9 1 1 0 0 1 0 0 r 11 01 0 0 ! 0 
2 3 7 1 F 5 7 0 0 0 0 0 1 0 0 丨 0 0 0 
2 1 1 
2 3 8 M 5 5 0 1 1 0 0 1 0 1 0 丨 1 0 0 
1 1 ! 1 1 1 1 i ！ ‘ 
！ 1 ！ 1 i 1 - 1 1 
2 3 9 F 7 7 0 0 1 0 0 1 0 1 0 1 0 1 Oi o i 0 
2 4 0 F 8 3 1 i 1 1 1 1 
242 F 7 1 1 0 1 1 1 0 0 0 0 1 0 0 1 0 0 
2 4 3 1 M 5 5 0 1 ! 1 0 0 0 1 丨 1 1 0 
2 1 • ！ I 
2 4 4 F 5 6 0 1 1 1 0 0 0 1 1 1 1 0 0 
1 1 ！ i I 
2 4 5 1 I M 5 9 0 o i 0 1 0 0 1 0 丨 0 o l 0 0 
2 4 9 M 1 5 7 1 0 1 1 1 0 0 1 0 1 0 i 1 0 丨 0 0 
2 5 0 M 7 4 0 1 1 i 0 0 0 0 1 0 0 丨 0 0 
1 i 1 i T 
2 5 1 F 4 5 1 0 0 0 0 1 0 丨 0 0 0 
1 
2 5 2 M 4 5 0 1 0 0 1 0 丨 0 0 0 0 0 
2 5 3 M 3 2 1 ！ 
2 5 5 F 2 2 
2 5 6 F 8 5 I 1 
1 
2 5 8 M 7 8 0 1 i 0 L 0 1 0 0 0 0 0 0 
2 5 9 1 M 7 3 1 Oi 0 ! 01 0 | 0 0 0 ！ 0 丨 0 0 
2 1 1 01 01 0丨 0 丨 0 丨！ i 1 1 1 
2 6 1 M 6 2 ：! 1 1 01 0 0 01 1 1 0 丨 1 01 0 0 
2 6 2 F 6 4 •1 1 f i 1 ！ _ _ i 1 ！ 
2 6 3 F 8 8 \ i ！ 1 1 ！ i ！ 1 1 1 
1 ！ 1 1 ！ i 1 
2 6 5 M 5C 1 c 1 0 丨 。 1 0 丨 o l 0 0 0 丨 0 0 
2 6 6 M 6C 1 c 1 0丨 c 1 0 丨1 0丨 0丨 0丨 0丨 0 丨 . 0 丨 
2 6 7 1 M 4 1 1 0 1 0 ! C 1 c 丨 1 0 1 Q 丨 01 Oj 0 | 0 | 
_ ! 1 — … ： 1 丨 . 一 ‘ ； . 1 1 
r 
£ 
) i 1 i ； i i • 1 1 1 
2 6 £ >1 | M ！ a i l 1 1 ‘ i 1 1 
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CASE S CASE SEX / 
HISTOLOGICAL PATHOLOGY 
PERL'S STAIN 
PANCREAS ENDO. PANCREAS EXO. 
<GE NPOGQ NPOGlj NPDG? NPDG3 NPDG4 NPXGO NPXGl|NPXG2i NPXG3I NPXG4 
269 IF 871 0 1 0 0 0 0 01 0 0 0 
270 M 84 
271 M 63 
273 M 34 
274 M 52 0 0 0 0 0 0 0 0 0 0 
276 F 85 
278 M 75 0 1 0 0 0 0 1 0 0 0 
280 M 75 1 0 0 0 0 0 0 0 0 0 
281 M 74 0 0 0 0 0 0 0 0 0 0 
282 M 26 0 0丨 0 0 0 0 0丨 0 0 0 1 ！ ！ 1 1 1 
284 IM ！ 68 11 0 丨 0 0 o i 1 Oi Oi 0 Oi 
I I I 1 1 i i i 
285 !M i 31 1 0 | 01 0 01 0丨 0 0丨 0| 0丨 01 
2 8 6 ！ M 丨 7 7 丨 0丨 0 0 0 丨 Oi 0 0 丨 o i o l o i 
287 F 丨 7 4 丨 1 i S • i 1 
289 F 丨 88 丨 01 1 1 0 0 0 1 i 丨 i i 
290 F i 69丨 0 11 01 0 0 ! 丨 i 丨 i 
1 i 1 1 
291 M 33 1 ！ I ' 1 ； 
294 M 32! ！ 1 1 1 ！ 1 1 
295 F 77 0 o i 0 1 0 0丨 0丨 1丨 0 o i oi 
298 1 M 57 i 0 01 0 丨 0 01 0 01 0 0丨 0丨 
！ 1 1 i 1 1 1 1 
2 1 i i ！ 
3 ！ 1 1 
299 1 F 88 i 0 0 0 0 0 0 0 丨 o j 0 0 
2 1 0 0 0 0丨 0 0 0丨 01 01 0 
3001 IF 83丨 ！ i i i 1 i 
301 I F 57 0丨 0丨 01 01 0 0 01 0丨 Ol 0丨 
3021 F 丨 3 3 01 o l 0 0丨 0 0 0 1 0 1 0 丨 o l 
303 1 M [ 61 0 0丨 0 0丨 0 0 0 0 1 o i 0 
21 1 _ _ i 1 1 




306 M 59 0 11 0 0丨 0 0 11 1 0丨 0 
307 M 77 0 0 0 0丨 0 0丨 0丨 0 0丨 0 
308 ！ M 28 1 0 0 0 0 1 of 0 0 0 
309 30 0 0 0 0 0丨 0 0 0丨 0 0 
312 iF 93 0 1 0丨 0 0丨 0 0 0 丨 Oi 0 
314 M 66 0 1 01 0 0 1 0 丨 o i 0 丨 0 0 
315 M 75 i 1 1 i i 1 
316 1 M 51 1 01 0丨 0 01 1 0 1 0 ! o i 0 丨 
2 1 1 t 1 ！ i ！ I i • ！ 
320 F 90 0 1 i 0 0 0丨 Oi Oi 0丨 0 0! 
325 F 丨 8 2 丨 O l 0丨 0 1 01 0丨 0丨 0丨 0丨 01 0丨 
326 F 70 ！ 1 ！ i i 1 
327 1 M 54 0 0| 0 0 0丨 0丨 0丨 0 0 0 
1 1 1 ！ 1 1 1 1 
2 1 1 i i i 
！ 1 1 1 1 1 1 i 
328 M 96 0丨 1丨 0丨 0 o l 01 01 0； Ol Ol 
329 M 20 01 Oi 0丨 0 01 01 0丨 01 0 ol 
330 M 79 0丨 l i 01 0 01 0丨 0丨 0丨 0丨 0 
331 F 70 0丨 1i 01 0 0 1 0 1 0 丨 1 Oi 0 
1 i ‘ i i ； 1 ： 
333 M 丨 7 5 i 丨 丨 -
335 1 iF 丨 66丨 ； ’ • 
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PERL'S STAIN 
PANCREAS ENDO. PANCREAS EXO. 
CASE S CASE SEX AGE 
336 \A 1 641 0 1 0 o f 0 | 0 0 0 0 0 
337 F 77 
1 
1 
338 F 64 0 0 0 1 o l 0 0 0 0 0 0 
339 M 72 0 0 0 0 0 0 01 0 0 0 
340 1 F 86 0 1 0 0 0 0 1 1 0 0 0 
2 ！ 
341 1 M 61 0 0 0 0 0 0 0 | 0 0 0 
2 Ol o l 0 0 0 01 0丨 0 0 0 
0 1 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
342 M 44 0 0 0 0 0 0 0 0 0 0 
343 M 55 0 0 0 0 0 0 0 0 0 0 
344 F 86 i 1 1 1 1 1 1 
345 M 74 01 01 0 0 1 o l 0 1 1 1 0 1 o i 0 
1 
1 1 1 
1 1 
346 M 65 0 0 0丨 0 0 0 ! 0 0丨 0 0 
351 M 74 1 ！ 1 I i 1 i 
352 M 26 0 0 0 | 01 o i 0 丨 01 o | 0 0 
353 M 57 i 
1 1 1 1 ； « 1 ！ ！ i ： 1 i 
355 M 741 0 1 0丨 0丨 0丨 0 1 1 1 0 0 | 0 
356 M 611 Oi 1| 01 01 01 _ _ 0 _ 1 01 0丨 0丨 0 
3 5 7 丨 F 8 8 1 1 1 i i 1 i ！ __ 1 1 r 0 1 3581 i M 7 8 丨 0 | 0 1 0 | 0 | o l 01 Oi 0丨 Q-
i ！ ‘ i ！ 1 i ！ 1 1 1 1 
359 1 F I 871 31 Ol 01 0丨 Ol 31 0 ! Ol 0 1 0 
2 1 ! i ! 1 i ' > i 1 1 1 1 
3 1 1 ‘ 1 ‘ ‘ ‘ ‘ 1 i 1 
4 ！ 1 ！ i 1 i 1 i ！ 
3 6 0 F 4 9 1 0 丨 1丨 0 1 0 丨 0 1 0 01 0 0 0 
1 1 1 1 ！ i 1 
3 6 1 1 F 6 0 1 0丨 01 0丨 0丨 0 1 0 | Oi 0 1 Oi Oi 
362 F 52 1 0丨 1丨 0 1 0丨 0 1 0 丨 0 1 0 ! 0 0 
363 F 7 9 0 1 1 0 1 0 0 0丨 0 1 0 1 0 丨 0 1 
3 6 4 M 74 1 1 0 1 0丨 0 0 1 1 0 1 0 1 o i 0 1 
365 M 24 0 0 0 0 0 丨 01 0丨 0 01 0 
366 M 62 0 0 0 0 0 1 0丨 01 01 0 0 
370 M 79 0 1 0 0 0 0 1 1丨 0丨 0 0 
3 7 1 F 60 1 0 0 0 0 1 1 0 0 0 0 
372 M 1 4 9 丨 0 0 0 0 0 1 0丨 0 0 0 0 
373 1 M 5 1 0 0 1 0 ！ 0丨 0丨 0 0 0 0 
2 i 1 ！ i 
374 F 75 0 0 0 0 1 0丨 0丨 01 0 0 0 
375 F 73 丨 1 
376 1 I M 7 1 0 1 0 0 0 0 0丨 0 0 0 
377 F 6 4 0 0 0 0 0 0 丨 0 丨 0 0 0 
378 F 6 4 1 1 0 0 0 0 1 0 丨 0 0 0 
3 7 9 F 9 0 1 0 L 1 0 0 0 0 li 0 丨 0 0 0 
380丨 M 35 i 0 1 01 0 0 0 i 0丨 0丨 0 0 0 
3 8 1 1 1 M 55 _ 0 1 1 0丨 0 0 丨 0丨 0 : 0 | 0 
！ 2 1 1 1 ！ • . • 1 1 • . , 
3 8 2 1 1 I M 丨 7 7 i 0 | O i 1 丨 0 1 0 ! C I I C I I 0 r 01 0 
1 2 :| 1 丨 01 01 0丨 0 ' 0 1 i 1 
383 1 M 1 5 1 1 0 1 01 01 01 01 Ol 0 ; 0 0 0 
385 ； 1 M 50 0 1 1 0 1 0 0 01 0 丨 0 0 0 
2 1 1 1 1 1 1 
3 8 6 i F 87 0 1 i o l 0 丨 0 0丨 0丨 0 0 0 i ！ ！ i 
1 i i i 1 ！ i ‘ 1 
387 ‘ 1 M 6 4 .1 Q 丨 o l 01 G 1 0 丨 1 01 01 0丨 0丨 _ 01 
r 
£ > ——1 _ . 1 1 ！ ！ ！ i i 
38€ J M 9 1 1 C l | l i 0 丨 0 丨 c l l ( ) ! Ol 0丨 0丨 0 
)T o l o f " o l 01 38£ ) F 8 C ) i 0 丨 1 1 O i 0 丨 0 丨 （ 
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CASE S CASE SEX 
HISTOLOGICAL PATHOLOGY 1 
PERL'S STAIN 
PANCREAS ENDO. i PANCREAS EXO. 
^GE NPDGa NPDGI INPDG2 NPDG3 NPDG4 NPXGO NPXG1 NPXG2I NPXG3 NPXG4 
390 1 M i 85 0 1 0 0 0 0 0 0 0 0 
2 
392 F 73 
393 F 79 0 1 0 0 0 0 0 0 0 0 
394 M 721 1 0 0 0 0 1 0 0 0 0 
397 F 69 0 0 01 0 0 0 0 0 0 0 
398 F 71 01 1 0丨 0 0 0 0 0 0 0 
400 F 721 1 
401 M 33 0 0 0丨 0 0 0 0 0 0 0 
402 1 M 69 0 0 11 0 0 0 0 0 0 0 
2 
403 M 45 0 0 0 0 0 0 0 0 0 0 
404 1 F 69 01 1 0 0 0 0 01 0 丨 0 0 
2 i 1 
405 M 83 0 1 0 0 0 0 0 0 0 0 
406 F 83 0 1 0 0 0 0 0 0 0 0 
407 1 M 78 0 1 0 0 0 01 0 0 0 0 
2 
408 1 F 92 0 1 0 0 0 0 0 0 0 0 
2 
410 M 72 0 0 1 1 0丨 0 0 1 0 0 1 1 1 1 i 1 1 1 1 i ： i 1 i 
412 1 F 73 o l 1 ! 0 0 1 0 丨 01 0 丨 o ! 0 丨 0 
2 1 1 1 ！ ！ ！ ！ 
414 IF 31 1 , 1 1 • • • 1 1 1 ' ! j - , i 
415 I M 2 0 ！ ！ i i i 
416 F 72 0 1 0 0 0丨 0 0 丨 0 | 0 0 
417 M 51 0 0 0 0 0 0 0 0丨 0 0 
418 M 48 1 0 0 0 0 1 0 o l 0 0 
419 M 6 2 0 0 0丨 0 Oi 01 0 0丨 0 0 
420 | M 1 1 0 0 丨 0 0 1 1 0 1 0 1 0 0 
422 i M 591 ！ i 1 
423 IF 20丨 0丨 Ot - 0 0 丨 0 0 丨 0 1 0 0 Oi 
424 IF 5 3 丨 0 1 0 0 0 1 0 丨 1 1 0 0 0 
425 F 9 3 1 
426 M 7 0 1 1 
429 M 51 1 1 ！ 
4 3 0 1 M 53 0 1 1 0 0 肝 0 1 1丨 0 0 
i I ‘ 1 ‘ 1 ！ 
1 1 ！ ！ 1 
2 1 1 i i 1 










4 3 1 1 M 5 3 1 0 0 0 0 1| 0 0 0 0 
2 1 1 ！ 1 i 
432 M 71 0 1 1 0 0 0 0丨 o i Oi 0 0 
！ i i ； • ！ 
4 3 3 F 6 3 0 1 1 0 0 0丨 0丨 11 0丨 Oi 0 
4 3 6 F 9 1 0 1 0 0 0 丨 0 1 0 1 0 1 0 0 
4 3 7 M 6 9 丨 0 丨 0 0 0 0 0 丨 c 丨 o l 0 0 
1 — 1 
1 1 
438 1 F 55 1 1 I I 1 1 1 1 
4 3 9 1 M 4 1 i 0 1 0 ‘ 0 丨 0 | 0 丨 0丨 。 1 0 丨 0 0 
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Appendix 5. Histological Changes in Heart Using Perls' Stain. 
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Abbreviations: 
NAG Grade of Rowe,s Method in heart 
S CASE Subcase 
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IRON OVERLOAD IN HONG KONG CHINESE 
H I S T O L O G I C A L P A T H O L O G Y 
PERL'S STAIN 
HEART 
C A S E S C A S E SEX A G E NHGO NHG11 N H G 2 N H G 3 N H G 4 
1 F 30 0 0 | 0 0 0 
2 F 52 0 0 0 0 0 
4 1 F 66 0 1 0 0 0 
2 
3 
5 M 26 
7 F 73 0 0 0 0 0 
9 F 79 0 0 0 0 0 
10 M 52 
11 M 73 0 0 0 0 0 
12 F 78 0 0 0 0 0 




15 M 57 0 0 0 0 | 0 
16 1 M 80 0 01 0 0丨 0 
2 1 1 
17 F 75 i i 
18 M 62 0 01 0 0丨 0丨 
19 1 M 61 01 1 i 0 01 01 
2 i 1 
1 1 
1 
20 I F 831 ; 1 i 1 
21 M 1 49 01 0 0 0 o i 
22 1 M 68 丨 01 1 1 0 0 
2 ！ 1 
24 M 58 0 丨 1 1 0 0 0 
25 M 81 0 01 01 0 0 
26 F 79 0 0 0 0 0 
27 M 80 
28 M 77 0 0 0 0 0 
29 1 F 84 0 0 0 0 0 
2 
3 
30 F 8 4 
31 M 43 0 0 0 0 0 
32 M 71 0 1 0 0 0 
33 M 35 0 0丨 0 0 0 
3 4 1 M 45 0 1 0 0 0 0 
2 1 t 
35 M 28 0 0 0 0 0 
36 1 F 85 0 1 0 0 0 
2 
37 1 M 68 
2 
38 M 50 1 
4 0 M 9 0 1 
4 1 1 i M 77 0丨 0 0 0 O l 




4 J t 
4 2 M 7 7 0 0 0 0 0 1 
4 4 M 3 3 , 0 0 0 0 0 1 
4 5 1 1 F 59 1 0 丨 1 01 0 丨 0 
2 > 1 
4 7 F 77 t 
4 8 I F 52 1 I 
4 S 1 M 30丨 C 
— ；; 






Quant 'uation of Iron in the Liver, Pancreas and Heart of Hospital Patients in Hong Kong 
IRON OVERLOAD IN HONG KONG CHINESE 
3ASE S CASE SEX fi 




、GE “ NHGOl • ; » : r e n » l » c M » l : 【 c M » l : 【 e M I 
54 1 68 01 0 | 0 0 0 
55 1 1 F 80 0 0 0 0 0 
2 
56 F 69 0 0 0 0 0 
57 M 57 0 0 1 0 0 
58 F 90 0 o l o i 0 0 
60 M 58 0 1 0 0 0 
61 M 84 0 0 0 0 0 
62 M 40 0 0 o l 0 0 
63 M 48 0 0 o l 0 0 
64 F 65 1 
65 M 78 0 01 0 0 0 
66 M 43 0 0丨 0 0 0 
67 F 78 0 0 01 0 0 
68 1 M 76 0 0 0 0 0 
2 
69 F 94 0 0 0 0 0 
70 F 78 1 i 
71 M 55 0 0 0丨 0丨 0丨 
73 F 74 1 I I I ! 
74 M 48 0 丨 o l 0 1 0 丨 0 
75 IM 1 4 7 0 丨 0 1 0 1 0 丨 0 
76 1 F i 78! 0 0 1 0 | o l 0 
1 2 1 1 i 1 1 1 ! 1 ' 1 
77 F 1 6 6 oi 0 1 Oi 0 0 
78 M 2 2 0 1 1 1 0 丨 0 0 
79 IF 87 0 1 0 | 01 0 0 
80 ！ M 72 1 0 丨 0 1 0 1 0 0 
81 M 651 . 0 0 1 0 丨 0 0 
8 3 ! F 651 0 1 0 0 0 
8 4 M I 74丨 0丨 0 0 0 0 
85 F 83 0 0 0 0 0 
86 F 82 0 0 0 0 0 
89 1 M 63 0 0 0 0 0 
2 
90 M 80 0 0 0 0 0 
91 1 M 64 0 0 0 0 0 
1 2 1 
92 M 70 0 0 0 0 0 
93 F 54 
94 F 73 0 0 0 0 0 




96 F 67 0 1 
98 M 74 0 0 0 0 0 1 
99 F 97 0 0 i 0 丨 0 0 1 
101 F 36 0 0 1 0 丨 0 0 1 
102 1 F 65 1 T 1 1 
2 1 厂 1 
[ 1 1 
n 1 0 3 1 IM 1 5 8 丨 0丨 0丨 0 丨 0 n C 
1 0 4 |M 1 4 8 丨 1 1 1 i 1 
广 • — o j 1 0 6 i M i 6 6 1 0 1 0 ! o l 石 
1 i ！ 1 i i T I - - 1 )l 1 0 8 I iF i 6 6 i i of 0丨 0丨 0丨 C 
10S 1 IF 1 77 ‘ o i 0 丨 C 1 0丨 C n 
11C 1 丨 F i 36 ) 0 丨 01 C ) 0丨 C r 
1 1 1 丨M 62 ！i 0丨 1! 0! 01 C 
1 1 2 ！1 IM ！ 541 0丨 0丨 01 01 0 
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IRON OVERLOAD IN HONG KONG CHINESE 
C A S E S C A S E SEX A 
• — I I ii 1 II l a T O ^ i S M W c M I 
PERL'S STAIN 
HEART 
.GE “ N H G O l N H G 1 | N H G 2 I NHG3「 N H G 4 
114 ： 59 0 o l 0 1 o l 0 
115 45 0 0 01 01 0 
117 r 46 0 0 0 0 0 
119 SA 82 0 0 0 0 0 
120 F 87 0 0 0 0 0 
121 M 69 0 0 0 0 0 
122 M 60 0 0 0 0 0 
123 M 6 0 0 0 0 0 0 
124 1 M 8 2 0 0 0 0 0 
125 M 74 0 0 1 0 0 
1 2 6 M 54 
127 M 69 0 1 0 0 0 
1 2 8 M 41 i ！ 1 
129 丨M 50 0 01 0丨 0 0 
131 1 F 29 0 0 0 0 0 
2 
132 M 67 0 0 0 0 0 
133 M 56 0 0 0 0 0 
135 F 73 
137 1 M 53 1 0 0 0 0 0 
2 丨 1 1 
3 i I 丨 i 
4」 I 1 i 1 
5 L— 
6 1 i i 
138 M 丨 78 丨 01 1 1 0 0 0 
139 1 I M I 661 01 01 0 0 0 
1401 1 I M 6 2 0 0 0 0 0 
2 
141 M 73 0 0 0 0 0 
144 F 72 0 0 0 0 0 
145 M 80 0 0 0 0 0 
146 F 72 0 0 0 0 0 
147 F 74 0 0 0 0 0 
148 M 65 1 I i i 1 1 
150 F 64 0 0 0 0 o l 
1 
151 M 51 0 0 0 0 1 0 
152 1 M 67 0 0 0 0 0 
153 1 F 41 0 0 ！ 1 0 0 
1 i 
2 
154 F 6 8 i 0 丨 1 0 0 0 
155 1 M 6 1 0 1 0 0 0 0 
2 1 1 




157 ‘ 1 M 55 > c ) c 1 c 1 c 1 c r 
！1 1 1 
15fi \ 1 丨 6 8 丨 01 C I c 1 c I c [ 
e 
C ！ ！ i 1 i j i 1 . . 
15£ ) M 丨 791 01 C ) c )l 0 1 c 
16C )1 1 1 M 1 59 丨 C ) l 1 c )i c ) 0 1 
1 2 1 ！ 1 ： j 1 
161 i 1M ！ 5 0 ! 01 01 01 0 ! 0 丨 
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IRON OVERLOAD IN HONG KONG CHINESE 
( : A S E S CASE SEX fi 
• — 丨 丨 ^ 1 I I 丨 洲 棚 S W W c M I 
PERL'S STAIN 
HEART 
‘GE - NHGO丨 NHG1丨 NHG2I NHG3 NHG4 
——_L 1 1 1 
162 l l ST 83 
163 1 M 65 
165 1 1 F 66 0 0 0 0 0 
2 
167 M 36 0 0 0 0 0 
168 F 89 
169 M 79 
171 1 F 67 0 0 0 0 0 
1 
2 i 1 ！ 
172 M 1 81 01 0 o l 0 0 
1 
1 一一― 1 1 
174 M I 51 i 0丨 0 丨 o l 0 0 
175 M i 72 i Oi 11 Oi 0 0 
176 F 78 0 0丨 0 0 0 
1 
177 M 72 0 0丨 0丨 0丨 0 
1 8 0 M 56 0 1 1 0 | 1 0 | 0 




1 8 2 M 21 丨 0丨 Oi 01 Ol 0| 
183 M 46 丨 01 01 0 丨 01 01 
！ 1 I I I 1 ! i 1 ! 
185 F 70 0 ！ 0 1 0 0 0 
186 F 81 ！ ！ 1 
1 丨 1 1 1 1 
188 |M 84 0 1 ! 0 i 0 0 
1891 IF 62 0 Oi 0 1 0 i 0 
190 i M i 68 0 0丨 0 1 0 1 0 
i 1 1 i 
191 F 70 0 0 1 0丨 0丨 0 
1 
192 M 85 1 0丨 0 0 0丨 0 
194 1 M 54 
2 
195 F 70 1 1 M 
196 M 1 751 i i 1 
1 1 
1 ! 
1 9 7 M 7 3 i 0丨 0 0 0 1 0 
1 9 9 F 8 7 0 0 0 0 0 
200 F 78 
201 M 38 0 1 0 0 0 
202 1 M 61 0 0 0 1 0 0 
1 1 i 
-
203 t | M 1 37 1 i . 
204 1 IF 79 0 1 01 C 丨 1 0 1 0 
205 M 75 0 0 r 0「 0 丨 0 1 
209 M 48 0 丨 0 0 丨 。 丨 0 丨 
2 1 0 1 F 88 0 1 0 0 1 c 1 0 1 
211 M 6 9 丨 ！ i 
212 ： 1 M 68 ； Q 1 0 0丨 C 1 Q 1 
2 1 1 i 1 
1 1 1 1 1 -i.__ _ i 
2 1 4 M 1 F 丨 8 4 丨 I I I I ; 
215 M 1 62 1 O l 1 1 0 1 0 1 o l 
2 1 e ) 1 M 丨 3 7 ‘ 0 1 c 1 0 1 0 丨 o l 
< > 1 1 1 1 1 1 • 1 1 1 1 1 • 1 1 i ！ 
2 1 7 r i M 丨 801 o i 01 o l C ) l c I 
21£ Ji i M ; 6C ) 1 ！ j 
2191 i M ; 47 ’ 0 1 0 1 o l o l 0 1 
2201 11F 丨 6S ) 0 ! r Oi 0 丨 0 ' 
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IRON OVERLOAD IN HONG KONG CHINESE 
CASE S CASE SEX A 
• M 丨丨 • 1 II 1 洲 棚 : 
PERLS STAIN 
HEART 





221 F 64 0 0 0 0 0 
222 1 0 0 0 0 0 
2 
225 1 M 42 0 0 0 0 0 
2 1 1 
226 M 791 0 | 0 0丨 01 0 
229 1 M 50 1 
2 i 
3 1 
1 i ; I 1 1 1 1 
230 1 F 69 0 1 0 01 0丨 
2 i 1 1 
232 F 78 0 0 0 01 0丨 
233 M 73 1 1 1 
234 M 1 0 1 0 0丨 0丨 
235 1 M 641 1 1 
2 1 1 丨 
3 i ！ i ！ 1 
1 i i ！ i 236 M i 59丨 0 0 丨 0 o i 0 
237 1 F 57 i 0 0丨 0 0丨 0 
2 1 1 丨 1 
1 1 
238 丨M 551 01 1 i 0 Oi 0 j i 
1 i 1 1 
1 1 1 1 1 
239 F ！ 77丨 0 i 0丨 0 01 0 
2 4 0 F 8 3 0 1 0 0 0 0 
242 F 7 1 0 0 0 0 
2 4 3 1 M 55 0 0 0 0 
2 1 
244 F 56 0 1 0 丨 0 
i 
245 M 59 0 0 0 0 
249 M 57 • 0 0 0 0 
250 M 74 0 0 0 0 0 
251 F 45 0 0 0 0 0 1 
252 M 45 1 0 1 0 0 0 1 
253 M 1 321 
255 F 丨 2 2 1 
256 F 85 i 1 
258 M 76 ！ 0 1 0 1 0 丨 0 1 
259 1 M 72 1 0 0 1 Q 1 0 丨 0 1 
2 1 I 
261 M 62 > 1 
262 1 F 1 641 1 i 1 1 1 
263 F 1 831 C 1 c 1 0 1 c 1 c 
1 ！ i 1 
265 M 501 C I c )| 0 1 0 丨 c )! 
26e M 60丨 C I c )| o l 0 1 0 | 
267 1 M 41 1 C )l o l 0 1 o i 0 1 
i l l ！ ！ f i ； 
「 — — " T . : ! 2 丨 丨 ： r 
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IRON OVERLOAD IN HONG KONG CHINESE 
C A S E S C A S E SEX ； 
H I S T O L O G I C A L P A T H O L O G Y 
PERL'S STAIN 
HEART 
kGE NHGO N H G 1 N H G 2 I N H G 3 N H G 4 
269 F 87 0 0 0 0 0 
270 M 841 
271 M 63 
273 M 34 01 0 0 0 0 
274 M 52 0 0 0 0 0 
276 F 85 
278 M 75 0 0 0 0 0 
280 M 75 0 0 0丨 0 0 
281 M 74 0 0 01 0 0 
1 
282 M 26 0 01 0 0丨 0 i 1 1 i 1 
284 M 68 0 0 0 01 0丨 
t \ i i 
285 M 31 0 11 0 0丨 0 
286 M 77 01 1 丨 0 01 01 
！ 




287 F I 74 1 1 
2891 F 8 8 0 0 0 1 i o l 
290 F 69 0 1 0 0丨 Oi 
0 1 0 0 0 1 
291 M 33 i i 1 
294 M 32 I 1 
295 F 77 0丨 0 01 0 0 
298 1 M 5 7 o l 0 丨 0丨 0 0 
i 1 ! ! ! 
2 I i ! 1 ! 
3 ! • i i 
2 9 9 1 F 8 8 1 0 0丨 0 0 0 
2 
1 1 1 i 1 
3 0 0 F 8 3 1 0 1 1 1 1 0 1 0 
3 0 1 1 F 丨 5 7 | . 0 0 丨 O j o l 0 
3 0 2 1 F i 8 3 丨 0 o i 01 o l 0 
3 0 3 1 1 M 6 1 1 0 0 0 1 0 0 
2 ！ 1 1 
3 0 4 1 M 6 5 0 2 0 0 0 
1 
2 1 _( 
! 1 1 1 1 1 
3 0 6 M 5 9 0 1 0 丨 0 0丨 0 
3 0 7 M 7 7 0 1 0 Oi 0 
3 0 8 M 2 8 0 0 0 o i 0 
3 0 9 M 3 0 丨 0 0 0 1 0 丨 0 
312 F 9 3 丨 0丨 0 「 0 Oi 0 
314 M 6 6 1 0 丨 0丨 0 0 1 0 
315 M 751 丨 丨 i i 
3 1 6 1 M 5 1 丨 0 丨 1 1 0丨 0丨 0 1 
2 I 
320 丨 ！F 9 0 丨 0 0 0丨 G 1 0 1 
325 i F 8 2 i 0 丨 0 0丨 c 1 0 丨 
326 F 70 1 1 
327 1 M 5A . Q 丨 0 1 c 1 c 1 c 1 
1 1 i 
2 1 厂 厂 1 1 i 1 i 1 i 1 i i 1 1 1 
328 1 M 9€ i 0 1 1 1 o l 0 1 Ol 
32S 1 M 2C ) 0丨 c 1 0 1 0 丨 0丨 
3 3 0 1 M 丨 7 9 丨 O l C 1 0 丨 0 1 0 1 
3 3 1 1 F i 7C ) 0丨 c ) 0丨 0丨 0丨 
1 1 1 i . . i—~ ！ 1 1 i i 1 ! • 1 , 
335 66 
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IRON OVERLOAD IN HONG KONG CHINESE 
• • — 丨 丨 • 1 I I丨洲測 S M W c n n 
P ERL'S STAIN 1 
HEART 
CASE S CASE SEX AGE「 
336 6 4 1 ！ 1 
337 : 77 1 ! 
338 r 6 4 o l 0 0 0 1 0 
339 VI 72 0 0 0 Ol 0 
340 1 z 8 6 0 0 0 01 0 
2 
3 4 1 1 1 M 6 1 0 0 0 0 0 
2 
342 M 44 0 0 0 0 0 
343 M 55 1 0 0 0 0 0 
344 F 8 6 1 
1 1 1 
345 M 741 i 1 1 ！ 
！ ！ i 1 1 3461 1M 1 65 丨 Ol 0 0 0 | . 一 o j 
351 i 1 M 1 74 j 1 i 
352 ！M 1 26 0 1丨 0丨 o l 0丨 
353 IM 1 57 1 1 i 1 
355 M 7 4 1 0 1 0 1 0 0 
356 M 6 1 i 0 丨 1| ol 0 0 
357 F 8 8 i ！ 1 1 
358 M • 78 0 丨 0 0 丨 0 1 0 ! 
1 i 1 1 1 1 
359 1 F 8 7 ! 0 丨 1 ol o l 0 
2 1 i i i 1 
3 1 1 ； 1 1 1 1 1 
4 ! i ! ! ! i 
360 F 1 49 t o l 1 1 0 丨 0 ! 1 0 
1 1 1 ： r ； 1 ‘ ！ 1 
361 1 F 1 6 0 1 0 0 0 1 0 1 0 
362 F 52 1 0 0 0 丨 0 0 
363 F 79 i 0 1 0 0 丨 0 0 
364 M 74 1 0 1 0 | 0 0 0 
365 M 2 4 1 0 1 0 1 0 0 0 
3 6 6 ,M 6 2 1 0 0 0 0 0 
370 M 7 9 丨 0 1 0 0 0 
3 7 1 F 6 0 丨 0 0 0 0 0 
372 M 4 9 丨 0 1 0 1 0 0 0 
373 1 M 5 1 0 0 0 0 0 
2 
3 7 4 F i 75 i 0 0 0 0 0 丨 
3 7 5 F 丨 73i 0 1 1 0 i 0 o i 1 
376 M i 71 丨 0 1 1 0 1 0 o! 
377 '1 IF 丨 6 4 1 0 丨 0 1 0 0丨 c 1 
3 7 8 ；1 F 1 6 4 1 0 1 C 1! 0 丨 ol c r 
3 7 9 丨1 F i 9 0 1 0 || C 1| 01 0丨 0丨 1 3 8 0 1 M 1 35 丨 。 丨1 c )i 01 0 丨 
3 8 1 i 1 M 1 551 Q if 1 1 0 | 0 丨 0 ! 
1 2 | 1 i 1 1 i 
382 >1 1 丨M 7 : 7 C 1 c )| 0 丨 c || C 
n — 1 1 
3 8 ： J iM_ i 5. 1 c ) c )1 c ) c )l ( [ 
38J 5 1 |m 1 5( D C ) c )1 C ) c )| Oi 
/ 
2! 1 1 ！ i i 
38f 3 IF 8 7l C ) ( ) c ) 01 0 | 
1 1 i 1 1 i 
1 ！ i ！ i 1 I 1 1 1 1 
387丨 1丨M i 6 4 丨 0 1 < ：3| 01 C ) i Oi 
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CASE S CASE SEX AGE NHGO NHG11 NHG2 NHG3 NHG4 
390 1 85 0 01 0 0 0 
2 
392 - 73 
393 - 79 0 1 0 0 0 
394 V/l 72 0 0 0 0 0 
397丄 F 69 0 0 0 0 0 
398 F 71 3 0 0 0 0 
400 F 72 
401 M 33 0 0 0 0 0 
402 1 M 69 0 1 0 0 0 
2 
403 M 45 0 1 0 0 0 
404 1 F 69 J 
2 1 1 H 
405 M 83 0 0 01 Ol ol 
406 F 83 0 | 01 o l 0丨 o l 
407 l i M 78 01 01 01 0! 0! 
2 1 1 
1 
. -4 
408 1 F 921 0 11 0 0 0 | 
2 1 1 1 
1 i 




412 1 F 73 0 0 0 01 ol 
2 
！ 1 ！ 1 
414 F 31 01 1| 01 01 0 
415 M 2 0 o i 0 丨 0 01 0 416 1 F 72 o i 0丨 0 0丨 0 
417 M 51 oi 1 01 0 0 0 ! 
418 M 48 0丨 01 0 0 0| 
4191 M 6 2 i 0 1 0 1 01 .0 0 ! 
420 I IM 1 1 0 1 1 1 0 1 0 丨 0! 
422 丨M i 59 1 ！ 1 1 i • i 
423 IF丨20丨 0丨 0| 0 0丨 01 
4 2 4 F 53 o l 0 丨 0 0丨 0 425 F 9 3 1 1 ！ 1 426 M 70 
4 2 9 M 51 430 1 M 53 0 1 0 “ 0 0 1 
2 1 
3 4 1 i 5 1 1 i 
6 1 I > i 7 1 1 1 J 431 1 M 531 01 Q 1 0 1 0! 01 
2 » i ！ 1 1 ； 1 1 432 > M 71 C 1 oi c I c I 01 
I i I 1 1 -
43C 1 F e: J c I 1 c ) c ) o l 
43e F 1 c ) c ) c ) c ) 0 1 
437 ’ IM 69丨 C ) c ) c ) c ) 0 丨 1 1 i ‘ 
43J J F i 551 i i 
4391 M I 41 1 C ) 0| c ) 01 0 丨 
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Appendix 6. Measurement of Hepatic Iron Concentration Using Atomic 
Absorption Spectrophotometry. 
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Abbreviations: 





S CASE Subcase 
WT Weight 
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IRON OVERLOAD IN H O N G KONG CHINESE 
CHEMICAL MEASUREMENT 
1) (2) (3) (3)/(1) in umo l /g 
CASE S CASE SEX AGE [ DRY W T VA F :E C O N T 1 =E C O N C 
1 IF 30 
2 52 




7 - 73 40.4 0.392000 1.120 27.7 
9 F 79 0.286000 0.805 20.5 
10 M 52 
11 M 73 36.4 0.378000 1.107 30.4 
12 F 78 47.0 1.552000 4.564 97.1 
14 1 F 73 
2 1 1 
3 1 1 
4 1 ： — ^ 
1 
15l M 57 1 1 
161 1 M 80 1 
2 
17 F 75 
18 M 62 
19 1 M 61 1 1 
2 1 
20 F 83 44.7 0.394000 1.161 1 26.0 
21 M 49 1 . -
22 1 M 68 1 1 
2 31.6 0.446000 1.342 1 42.7 
24 M 58 39.9 0.9220001 2.800 70.21 
25 M 81 i t 
26 F 79 15.9 0.200000 0.554 34.8! 
27 M 80 
! 1 
28 M 771 " • ‘ •_ • ‘ 
29 1 F 84 I i 
2 I 1 丨： 
3 
] J 
30 F 84 53.9 0.79 2.332 t 43.3 
31 M 43 
32 M 71 
33 M 35 
34 1 M 45 i 
2 
35 M 28 丨 24.8 0.375000 1.097 44.2 > 
36 1 F 85 1 
2 16.7 0.544000 1.524 91.31 
37 1 M 68 1 1 
2 1 1 
1 38 M 5C 1 
40 1 M 901 1 
41 1 M 77 ‘ 26.2 I 0.308000 丨 0 . 8 7 6 丨 3 3 . 3 1 
r ) 1 37.61 0.390000 1 1.1491 30.61 
\ 1 1 1 
1 \ 1 1 
42 > M 71 T 72.C ) 0.45600C ) 1.38^ \ 19.: 2 
\ M 3： J ！ 45 5 1 1 F 55 ) 
/ 21 1 
A： T . IF 7： 7 t 1 i 41 3 I F 5 : 3  1 — ^ ― — -—-丨----• — - * 
4S 5 ！M 丨 301 1 
501 I M 1 6( 31 1 1 ‘ 
5 1 ！ IF i 7( Di 76. l i 1.612000 丨 4.776 丨 经且-
53 i 'M i 591 
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IRON OVERLOAD IN HONG KONG CHINESE 
CHEMICAL MEASUREMENT 
( 2) (3) (3)/(1) i numo l / g 
CASE S CASE SEX AGE 1 DRY WT / \A 1 - E CONT FE CONC 
54 68 27.6 0.264000 0.736 26.3 
55 1 80 
2 
56 - 69 34.4 0.403000 1.194 34.7 
57 VI 57 
58 F 90 
60 M 58 39.5 0.372000 1.086 27.5 
61 M 84 0.0 
62 M 40 43.0 0.510000 1.418 33.0 
63 M 48 
64 F 65 
65 M 78 i 
66 M 43 1 ； 
67 F 78 27.4 0.198000 0.548 丨 2.0 1 
68 1 M 丨 7 6 90.51 0.680000 1.958 1 i 21.6 
2 1 1 1 t 
69 F 94 1 ！ 丨 i 
70 F 78 1 1 
71 I 丨 M 55 1 I — 
73 IF 741 1 1 -— 
1 
74 iM 48 丨 38.6 0.425 1.270 1 32.91 
75 丨 M 471 ！ ！ 
76 1 F 7 8 丨 」 i 1 ！ 
2 42.3 0.369 1.077 1 25.5 i 
77 F 66 1 ! 
78 M 221 1 
1 79 F 87 1 I 
80 M 721 1 \ 
81 M 6 5 ! . ! i J 
83 F 65 1 -. J 
84 1 M 74 1 
85 F 1 83 1 ： 1 1 
86 F 82 1 1 
89 1 M 63 ！ 1 
2 1 ！ 
90 M 80 1 1 
1 
91 1 M 64 i ： 
2 1 i 1 1 
92 M 70 
! i 
93 F 54 44.5 0.708000 2.052 ！ 4 6 . n 
94 F 73 i 1 
一 
95 1 M 35 i 1 j 1 
2 ！ ！ i ‘ 
3 30.6 ； 0.426000 1 1.2751 41； r 
96 F 67 ] 1 
98 M 74 ； 31.4 0.6440001 1.83€ J1 58.1 5i 
9 9 丨 F 9 7 ‘ 18.5 ； 0.163000 丨 1 0.4511 24. ‘ 4 1 
101 F 3e 1 
102 ； 1 F 65 > 1 1 1 1 
2 » 1 
102 M 5£ 5 1 8 . - ^ I 0.291 OOC 1 0.83e 51 45. 41 
^0A M 4« J 1 
106 M 6e 3 3 2 .： J 0.70600C )「 2.04: l\ 63.21 
22.之 \ 0.52400C ) 1.46( 3 65.2 
10£ J IF 6( 5 3 1 . £ > 0.28700C ) 0.77' ^  24.6 
1 0 £ ) F 77 ! i 1 
l i e ) F i 36! 26.4 i 1.14800C ) 1 3 . 2 3 6 i 1 2 2 . 6 
i r 1 丨 M 丨 6 2 丨 35 .5 i 0.738000 i 2.154 60.7 
1 1 2 ! ！M i-Si^ [ 1 
185 
Quant 'uation of Iron in the Liver, Pancreas and Heart of Hospital Patients in Hong Kong 
IRON OVERLOAD IN HONG KONG CHINESE 
CASE S CASE SEX A 
CHEMICAL MEASUREMENT 
1 (2) (3) {3)/(1) in umol/g 
GE 1 DRY WT AA 1 :E CONT 1 FE CONC 
114 59 32.4 0.455000 1.347 41.6 
115 45 11.0 0.141000 0.391 35.5 
117 = 46 30.3 0.156000 0.422 13.9 
119 82 
120 F 87 
121 M 69 
122 M 60 
123 M 60 33.8 0.348000 1.016 30.1 
124 M 82 
125 M 74 31.0 0.198000 0.550 17.7 
126 M 54 23.7 0.053000 j 0.146 6.2 
127 M 69 55.1 0.700000 2.022 3 6 . 7 1 
128 M 41 1 
129 M 50 • • 1 1 
131 1 F 29 32.9 0.147000 0.402 12.2 
1 
2 21.5 0.341000 0.9471 44.0 
1 
132 M 67 1 
133 M 56 1 i 1 
135 F 73 
I i 
i ！ ！ ! 
137 1 M 531 37,4 丨 1.1400001 3.208 i 85.5 
2 i 1 '1 
3 1 ！ 
4 22.1 0.410000 1.184! 53.5 
5 25.4 0.5540001 1.5541 61.2 
6 丨 20.4 0.4410001 1.295 i 63.5 i 
138 M 781 45.8 0.8940001 2.700 i 59.0 i 
139 M 661 i i 
140 1 M 621 
2 i 15.9 0.031000 0.087 5.5 
141 M 73 29.7 0.157000 丨 0.430 14."5l 
144 F 72 26.3 0.244000 0.650 24.7 
145 M 80 
146 F 72 30.7 0.128000 0.343 11.2 
147 F 74 35.4 0.200000 0.540 15.3 
148 M 65 i 
150 F 64 26.3 0.474000 1.314 50.0 
12.8 0.269000 0.753 58.8 
151 M 51 i 1 
152 M 67 1 
153 1 F 41 13.0 0.017000 0.048 3.7 i 
26.4 0.041000 0.109 4.1 i 
2 1 21.3 0.200000 0.556 26.1 
1 
154 F 68 I 28.4 1.480000 丨 4.3121 151.8 
155 1 1 |M 61 34.7 0.304000 丨 0.877 i 25.3 
2| 17.9 1 0.1800001 0,489 丨 27.3 
156 i 1 IM 64 I 1 
21 r J 1 
157 ‘ 1 1 M 5f I 1 
J ‘ 1 F 68 丨 46.C ) 0.21100C ) 0.5501 12.0 
• 2 l 1 1 1 ： 1 .... 
15£ ) 丨M 79丨 1 ^ 
16C ) 1 IM 59 丨 i i 
161 M 50 “400000 
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IRON OVERLOAD IN HONG KONG CHINESE 
CHEMICAL MEASUREMENT 
( 1) {< 2) {: 3) (3)/(1) in umol /g 
CASE S CASE SEX AGE C )RY WT / VA f :E CONT 1 F E CONC 
23.0 0.289000 0.814 35.4 
162 F 83 33.6 0.415000 1.202 35.8 
163 h A 65 
165 1 F 66 
2 
167 36 33.7 0.445000 1.317 39.1 
24.4 0.429000 1.257 51.5 
168 I 89 
169 79 24.0 0.352000 0.985 41.0 
171 1 - 67 31.1 0.369000 1.006 32.3 
15.4 0.195000 0.526 34.2 
2 ! 21.5 0.282000 0.750 34.9 
172 I M 81 48.5 0.540000 1.510 31.1 
19.6 0.269000 0.720 36.7 1 
174 M 51 40.5 0.622000 1.772 43.81 
175 M 72 i 
176 F 78 35.7 0.353000 0.984 27.6 i t — — —1 
19.81 0.220000 0.590 2 9 . 8 1 
177 M 72 50.51 0.552000 1.546 30.6 i 
180 M 56 1 j 1 
181 F i 67 1 . 1 
182 M 1 21 1 18.4 0.268000 0.7631 41.5 i 
183 i M 1 461 41.0 0.277000 0.734 1 1 8 .化 
1 丨 丨 29.3 0.230000 1 0.6461 22.0 1 i 
185 F 1 70 39.0 0.093000 0.262 1 6.7 
186 F 81 31.2 0.054000 0.149 丨 4.8 
91.0 0.019000 0.053 1 5.8 
188 M 84 i 1 
189 1 F 62 1 1 
190 i M 68 48.7 0.248000 1 0.65C II 1 3 . 3 1 
33.3 0.156000 1 0.4221 12.7i 
1 9 1 F 7 0 52.8 5.680000 1 1 .60C >1 30.3] 
j 19.8 0.237000 0 . 6 6 6 1 3 3 . 6 丨 
1 9 2 M 8 5 -1 
1 9 4 1 M 5 4 1 1 -4 
2 1 ； 
1 9 5 F 7 0 1 ‘ 
196 M 75 1 1 —i 
197 M 73 1 I 
199 F 87 24.0 0.072000 0.197 8.： 2! 
200 F 78 36.8 0.818000 2.432 66. 1 
201 M 381 1 
202 1 M 61 27.8 1 0.084000 0.232 8.； 3l 
20.5 1 0.060000 丨 0 . 1 7 1 8.： 31 
203 I M 37 f I 
204 ^  F 7£ 1 i7.e S 0.0310001 0.088 4.9丨 
205 M 7£ ) i 1 1 i 
20£ ) M 4€ J 56.2 > I 0.56000C 1 1.576 28.0 丨 
21C ) F 8€ J 30.21 0.0920001 0.257! 3.5. 
211 1 M 6£ ) 1 ( 1 
21: I 1 M 6« J 33」 I 0.39700C ) 1.172 35.31 
r ) 121.C ) 0.17100C ) 0.475 39.3 ！ 
1 ： 
2^' X F t i ‘ _1 ； ( 
21 f 51 M 6: 3 1 1 1 
2161 -1 M 3: 7 1 —1 
1 ： I 1 
2171 M 8 0 1 ( , — . . - . -- 1 
1 
2 1 ) 3 M 6 0 i 1 
2 1 ' 9 1 M ！ 4 71 1 1 
2201 I I F i 691 1 
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IRON OVERLOAD IN HONG KONG CHINESE 
CHEMICAL MEASUREMENT 
( 1) (2) (3) (3)/(1) in umol /g 
CASE S CASE SEX AGE C )RY W T ； kA IFE CONT F :E CONC 
i 
2 29.0 0.608000 1.722 59.4 
3 
4 23.7 1.632000 4.848 204.5 
221 1 64 
222 1 
2 
225 1 42 
2 
226 M 791 32.6 0.161000! 0.447 ！ 13.7 
I i 
229 1 M 501 i 
1 t \ i -1 
2 i 1 1 i 
3 1 24.4 0.2450001 0.678 ！ 27.81 
1 1 i i { 
230 1 F 6 9 1 1 1 
1 1 
2 ！ 
2 3 2 F 78 t i —» 
233 M 73 i 1 i 
234 M 72 1 I 
235 1 M 64 1 1 
2 40.8 0.135000 0.375 
3 5 9 . 7 0 . 1 6 7 0 0 0 
0 . 3 7 5 7.J Ji —! 1 i 1 
2 3 6 M 5 9 1 
2 3 7 1 F 5 7 ! ！ 
2 1 ！ ... — _ . 
2 3 8 M 5 5 1 8 0 . 2 0.89000C ) l 2 . 6 8 2 1 3 3 . 4 ！ 
i 1 ! 1 
i i ！ _ • 
2 3 9 F 7 7 3 5 . 7 0 . 2 9 9 0 0 0 0 . 8 4 5 i z^ . f 
2 4 0 F 8 3 1 i 
2 4 2 F 7 1 一 
2 4 3 1 M 5 5 
2 
2 4 4 F 5 6 
1 
2 4 5 丨 M 59 1 
249 I M i 57 1 6 . 4 1 0 . 4 6 7 0 0 0 1 . 4 2 3 86. •81 
250 M 74 2 7 . 9 1 0 . 8 9 0 0 0 0 2 . 6 8 6 96. ,3! 
1 7 . 7 0 . 6 5 4 0 0 0 1 . 8 7 0 
丨 105. ,6! 
251 F 45 ； 3 1 . 7 ‘ 0 . 1 8 4 0 0 0 0 . 5 0 9 丨 1 6 , ‘1 1 
1 3 . 2 1 0 . 1 3 4 0 0 0 0 . 3 7 3 1 2 8 . 0 1 ~ t 
2 5 2 
\ M 4£ 
2 5 2 I M 3 ： ) 1 
255 F 2： ) ！ 
256 F Qt 1 t 
2 5 6 J M 71 3 1 1 1 1 
25S ) 1 M 7： 3 1 1 1 1 1 
2 1 i ..i ； 
2 6 ' 1 M 6； 2 3 5 .： 2 0 . 3 2 3 0 0 0 丨 0 . 9 2 < \ 1 2 6 . 3 1 
2 6 ： I F 6 ‘ 
26: 3 F 81 3 2 7 . 1 3 0 . 4 2 4 0 0 0 1 . 2 6 ( 3 4 5 . 5 
L 20.1 9 0 . 3 3 9 0 0 0 1 0 . 9 7 ! 5 46 i.6| 
26! M 5i 0 1 
26i 5 M 6丨 0 3 0 . 9 0 . 1 8 2 0 0 0 1 0.5031 — - 1J 
26 7 1 M 1 4 1 1 1 8 . 9 0.21100C 1 0 . 5 8 ‘ 41 a i . y 1 
1 ； 1 2 . 4 1 0 . 1 6 2 0 0 0 1 0 . 4 4 ' 9丨 3 6 . 2 
26 
2 1 




丨 2 5 . 
1 ！ 
5 0.262000 丨 0.730 i 2f 3.6 
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IRON O V E R L O A D IN H O N G K O N G CHINESE 
C H E M I C A L M E A S U R E M E N T 
(1) (2) (3) (3)/{1) i n u m o l / g 
C A S E S C A S E SEX A G E DRY W T , AA I FE C O N T FE C O N C 
269 F 87 43 .2 0 .400000 1.182 27.4 
2 7 0 M 84 
271 M 63 
273 M 34 1 . . . . 1 
1 
1 
2 7 4 M 52 i 
2 7 6 F 85 1 
2 7 8 M 75 
280 M 75 
2 8 1 M 74 22.3 0 .274000 0 .767 34.4 
23.4 i 0 .275000 0 .772 34.4 
282 M 26 1 
！ 1 1 
284 M 68 4 5 . 4 i 0 . 3 1 4 0 0 0 0 . 8 5 4 丨 1 8 . 8 
！ 1 
285 M 31 1 41.4 0 . 3 1 2 0 0 0 0 . 8 4 6 20.4 
286 M 77 i i 
287 F 74 1 ! 
289 F 88 1 1 
290 F 69 i 1 23.0 0 . 7 9 8 0 0 0 ！ 2 . 3 6 0 1 1 0 2 . 6 i 」 
1 1 1 1 1 
2 9 1 丨 M 33 1 
2 9 4 i M 1 3 2 1 i ！ 
295 F 1 77 I i 
298 1 i M 丨 57 1 26.7 0 . 0 7 4 0 0 0 j 1 0 . 2 0 4 ； 7.6 i 
i i i ！ 
2 1 1 I 1 ‘ ( ‘ 
3 
] 1 I i 




2 1 ： 
3 0 0 F 83 i i 1 ！ 
301 F 57 . ！ 1 ！ 
302 F 83 i i 




3 0 4 1 M 6 5 2 9 . 9 0 . 1 9 2 0 0 0 1 0 . 4 9 8 1 6 . 7 ' 
1 3 . 8 0 . 0 1 8 0 0 0 1 0 . 3 6 3 2 6 . 3 丨 
2 1 7 . 0 0 . 2 3 4 0 0 0 1 0 . 6 1 1 丨 36.01 
14.9 0 .212000 i 0.551 ！ 37.0 丨 
306 M 59 1 ； 1 1 ‘ 
307 M 77 
308 M 28 1 
309 M 30 
3 1 2 F 93 1 
314 M 66 1 1 
315 M 75 i i 1 





3 2 0 I F 9 0 1 
3 2 5 I F 8 2 ! 1 
1 
326 丨F 7C I I 1 ； 
327 1 M 54 I 19.31 0 .350000 ！ 0 . 9 7 1 5 0 . 3 
i ！ 
j 
2 ！ 丨 丨 1 8 . 4 1 0 . 2 4 4 0 0 0 丨 0 . 6 3 € J 34.7 丨 
1 1 1 ‘ 
328 I M 9 e ) i 1 1 
32S 1 M 2 0 ! 丨 ‘ 
33C 1 M 79丨 1 1 丨 
3 3 1 F 701 ！ 1 ！ 1 
1 1 
333丨 M 751 i i 
丨丨丨丨丨丨圓mL 
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IRON OVERLOAD IN HONG KONG CHINESE 
CHEMICAL MEASUREMENT 
( 1) (2) (3) (3)/(1) in umol/g 




339 VI 72 
340 1 : 86 
2 11.4 0.089000 0.250 22.0 
341 1 61 28.4 0.354000 0.987 34.8 
2 19.7 0.253000 0.663 33.7 
342 M 44 
343 M 55 1 
344 F 86 1 i 1 
345 M 74 1 
1 
1 
346 M 65 1 
3511 M 74 i 
352 M 26 1 
353 M 57 1 1 
355 M 74 ！ ‘ 
356 M 61 i j ‘ 
357 F 88 1 j 
358 M 78 1 T ： 
i i 




1 1 ( 
3 1 i 
! 
t ！ 
4 1 29.1 0.1520001 0.391 丨 13.4 丨 
360 F 49 1 
i 1 — 
361 丨F 601 
1 ： 
362 IF 521 1 1 
363 IF 791 ！ 
1 1 
1 
364 |M 74 H 
365 丨M 24 1 
366 丨M 62 1 • 
370 M 79 — 1 ‘ 1 i ： 
371 ！F 60 ！ I ‘ 
372 I M 丨 4 9 i 1 
373 1 |M 丨 5 1 1 i ‘ 
21 1 ‘ 374 F 75 
375 F 73 1 i 
376 M 71 1 」 
3 7 7 F 6 4 i ： 
3 7 8 F 64 1 1 , ‘ 
3 7 9 F 9C I 1 ‘ 
3 8 0 1 M 3£ 
！ i 
3 8 1 1 M 5 5 1 i 1 ‘ 
2 1 
I 1 
382 ! 1 1 M 77 r 1 i 
I I 1 ‘ 
382 M 51 1 1 1 
38£ 1 M 5( 3 22.01 0.3360001 0.92 ！4 .i —4.2 
• 
2 1 
1 1 1 ‘ 
3 8 € F 8" 7 
1 





381 7 1 IM 1 641 i 1 1 ‘ 1 
21 
r~— i i i 1 • 
• 
38J 3 iM ！ 9 11 1 i 
3 8 ! 3 1 丨.aoi t t 1 
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IRON OVERLOAD IN HONG KONG CHINESE 
CASE S CASE SEX AGE 
CHEMICAL MEASUREMENT 
m. B- (3) 
DRY WT AA 
(3)/(1) in umol /g 
FE CONT FE CONC 
3 9 0 M 8 5 
3 9 2 7 3 
3 9 3 7 9 
M 7 2 
3 9 7 
3 9 8 
6 9 
7 2 
M 3 3 
M 6 9 
4 0 3 M 4 5 
4 0 6 
4 0 7 
4 1 0 
4 1 2 
M 
4 1 4 
4 1 5 
4 1 6 
4 1 7 
4 1 8 
4 1 9 
6 9 
1 9 . 6 0 . 1 9 1 0 0 0 0 . 4 9 5 2 5 . 3 
8 3 1 
8 3 










7 2 ! 
5 1 
4 8 
M 62 i 
4 2 0 
4 2 2 
4 2 3 
4 2 5 










53 3 6 . 9 
2 3 . 3 
21 
4 3 1 
4 3 2 
4 3 3 
4 3 7 
4 3 9 
3 5 . 0 
0.688000 
0 . 4 4 8 0 0 0 
5 3 . 8 ! 
. 2 4 0 
0.888000 2 . 6 7 4 
5 3 . 2 
7 6 . 4 




3 2 . 5 0 . 7 5 0 0 0 0 2 . 1 9 0 
7 9 . 3 
6 7 . 4 ! 
1 4 . 7 丨 0 . 3 6 7 0 0 0 . 0 3 3 7 0 . 3 






" 6 9 " 
5 5 TT 
0 . 2 9 9 0 0 0 
0 . 8 5 7 I 0.805 r 
3 9 7 
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Appendix 7. Comparison Between the Two Histological Grading Systems. 
(Method 1 & 2) in Assessing Iron Load in Various Tissues, 
192 

















Quant 'uation of Iron in the Liver, Pancreas and Heart of Hospital Patients in Hong Kong 
IRON OVERLOAD IN HONG KONG CHINESE 













" 7 3 
" 7 9 
" 5 2 





• • 队 I • I l i l I I I KC 
2.00 
11.00 
1 4 . 0 0 1 











I M "M 
M 
5 7 












1 2 . 0 0 
2.00 
.00 
1 0 . 0 0 丨 



























3 . 0 0 1 
1.00 I 
3 . 0 0 丨 
1. 0 0 丨 
0.00 
T o o 
0.001 
0.001 
3 . 0 0 







0 . 0 0 
3 . 0 0 1 
1 2 . 0 0 1 
1 2 . 0 0 1 






















" 3 2 
"33 
" 3 4 
" 3 5 









" 8 5 




1 4 . 0 0 
1 4 . 0 0 
2.00 
T o o 




1 4 . 0 0 
1 4 . 0 0 
8.00 


















































0 . 0 0 


















" 5 7 
" 5 8 
60 




"57 " io" 




2 . 0 0 1 














Quant 'uation of Iron in the Liver, Pancreas and Heart of Hospital Patients in Hong Kong 
IRON OVERLOAD IN HONG KONG CHINESE 
HISTOLOGICAL PATHOLOGY 
PERLS STAIN 
CASE S CASE SEX AGE 
63 M 3.00 
SCORE (Method 2) 
Bo" 
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IRON OVERLOAD IN HONG KONG CHINESE 
CASE S CASE SEX A 
HISTOLOGICAL PATHOLOGY 
PERL'S STAIN 
SCORE (Method 2) 1 GRADE (Method 1) 
GE NS HEPt 办 I 1 ^ i ^ m 1 1 I I KC 
1 1 1 1 I 
137 1 A 53 10.00 10.00 20.00 j 0.00 j 0.00 0.00 4 3 
2 10.001 6.001 16.00 
3 8.00 10.00 18.00 
4 8.00 6.00 14.00 4 3 
5 | 6.00 6.00 12.00 4 2 
6 6.00 6.00 12.00 4 3 
138 \A 78 3.00 1.00 9.00 1.00 2.00 1.00 3 3 
139 \A 66 3.00 2.00 5.00 1.00 0.00 0.00 3 0 
140 1 M 62 0.00 0.00 0.00 0.00 0.00 0.00 0 0 
2 0.00 0.00 0.00 0 0 
141 M 73 0.00 0.00 0.00 1.00 0.00 0.00 0 0 
144 F 72 0.00 0.00 0.00 0.00 0.00 0.00 0 0 
145 I M 80 8.00 0.00 8.00 0.001 0.00 0.00 
146 IF 72 3.00 0.001 3.00 0.001 0.00 0.00 1 1 
147 F 74 0.00 0.001 0.00 0.001 0.00 0.00 0 0 
148 M 65 1 1 
150 F 64 0.00 0.001 0.00 0.00 0.00 0.00 0 0 i 
！ 
151 M 51 0.00 1.001 1.00 0.00 0.00 0.00 
152 M 67 0.00 0.00 i 0.00 0.00 0.001 0.001 
153 1 F 41 0.00 4.00 丨 4.00 0.00 丨 0.00 1 2.00 丨 0 0 
1 
L 
1 ！ ！ 1 1 
2 1.00 0.001 1.00 丨 丨 1 i 1 
i ！ ！ 1 i 1 1 
154 F 68 13.00 6.001 19.001 1.00 丨 2.00 1.00 41 3 
155 1 M 61 6.00 3.001 9.00 0.00 i 2.00 0.00 3 | 3 
2 3.00 3.00 6.00 i 丨 4 3 
156 1 M 64 0.00 2.00 2.00 0.00 0.00 丨 1.001 
2 • 1 i 1 
3 2.00 4.001 6.00 1 
1 1 1 」 1 ！ 1 1 1 
157 1 M 551 1 0.00 1 0.00 0.001 0.00 i 0.00 1 0.00 1 1 
2 0.001 1.00 1.00 1 j 
158 1 F 6 8 0.00 1 1.00 i 1.00 丨 f i 0.001 
2! 「 1 1 i 1 1 1 ！ 1 1 •J I 
1 5 9 M 7 9 0.00 1 0.00 0.00 1 1.00 0 . 0 0 ! 0 . 0 0 1 
1 6 0 1 M 5 9 4.00 1 1.00 5.00 1 j 1.00 3 1 
2 3.00 1 1.00 丨 9 . 0 0 1 ！ 1 3 1 
1 6 1 M 5 0 8 . 0 0 1.00 9.00 0 . 0 0 0 . 0 0 1 0 . 0 0 3 2 
1 6 2 F 8 3 8 . 0 0 3 . 0 0 1 1 1 . 0 0 3 3 
1 6 3 M 6 5 
1 6 5 1 F 6 6 3 . 0 0 0 . 0 0 3 . 0 0 1.00 0 . 0 0 0 . 0 0 
2 3 . 0 0 0 . 0 0 3 . 0 0 
1 6 7 M 3 6 7 . 0 0 3 . 0 0 1 0 . 0 0 1 . 0 0 0 . 0 0 0 . 0 0 3 2 
r 1 I 
1 6 8 F 8 9 4 . 0 0 6 . 0 0 1 0 . 0 0 i 
1 
1 6 9 M 7 9 9 . 0 0 2 . 0 0 1 1 . 0 0 3 2 
1 7 1 1 F 6 7 3 . 0 0 1.00 4 . 0 0 0 . 0 0 0 . 0 0 0.00 3 2 1 
1 3 1 
2 3 . 0 0 1 1.00 丨 4 . 0 0 1 1 1 
1 7 2 M 8 1 3 . 0 0 1 1.00 丨 4 . 0 0 1.00 0.001 0.00 1 3 3 1 1 
1 7 4 M 5 1 3.0C 1 3 . 0 0 1 6 . 0 0 1 1.00 丨 1 0.001 0.001 3 3 1 
1 7 5 1 M 7 2 I ！ 1.00 厂 
1 7 6 1 F 78 1 6.0C 1 3 . 0 0 i 9.00 1 0.00 1 0 . 0 0 1 0 . 0 0 丨 3 1 1 
1 1 1 丨 ！ I I 1 .… 
1 7 7 
» M 72 > 6.0C )1 4 . 0 0 丨 10.0C 1 O.OC 1 O.OC 1 O.OC ) 3 I 3 
18C 1 M 5F > 6.0C ) 1.0C ) 7.0C 1 1.0C ) 
1 8 1 F 6/ f 
182 > M 21 1 4.0C ) O.OC ) 4.0C > O.OC ) O.OC ) O.OC ) 2 1 1 
18： ) M 4( 5 6.0( ) 1.0( ) 7.0C I 0.001 O.OC ) O.OC ) 4 ； 1 
j i l l 
18J > F 7( ) 1 0.001 0.001 0.001 
lae 3 F 81丨 1 O.OC )| 0.001 i ！ 
1 i -1 , ！ i l l ! ； ； 
1 8 ] IM ！ 841 i ： ！ 1.00! 0.001 1.001 ！ 
1 8 ! 3 IF i 621 3.001 2.001 5.001 ‘ 0001 1 
19( 3 IM 丨 63 丨 1.001 1.001 2.001 0.001 0.00! 0.001 1 1 o l 
1 1 1 
1 •• 
, ！ 1 ' ' 1 
1 9 1,1 I F i 71 0 3 001 I.OOI 4.001 0.00 丨 0.00! 0.00! 31 1 
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IRON OVERLOAD IN HONG KONG CHINESE 
HISTOLOGICAL PATHOLOGY • 
PERL'S STAIN 
SCORE (Method 2) GRADE (Method 1) 
CASE S CASE SEX AGE NS HEP NS KC t ^JS TOTALI NS EDO NS EXOI NS HRT HEP丨 KC 
1 
192 1 A 85 3.00 0.00 3.001 0.00 0.00 0.00 
194 1 1 54 6.00 6.00 12.001 
2 5.00 3.00 8.00 
195 1 70 
196 1 75 
197 73 0.00 0.00 0.00 
199 87 0.00 0.00 0.00 1.00 0.00 0.00 0 0 
200 - 78 3.00 10.00 13.00 3 L 4 
201 38 1.00 
202 M 61 0.00 0.00 0.00 0.00 0.00 0.00 0 0 1 
203 M 37 
204 F 79 0.00 0.00 0.00 1.00 0.00 0.00 3 0 
205 75 3.001 1.00 4.00 1.00 1.00 丨 0.001 1 
209 M 48 4.001 3.001 7.001 0.00 0.00 0.00 丨 31 1 
210 F 88 0.001 0.00 0.00 0.00 0.00 0.00 丨 l i 1 
211 i M 69 i i i 1 1 
212 1 M 68 4.00 4.00 丨 a.OOl 0.00 丨 0.001 0.001 3 丨 2 
2 4.00 7.00 11.001 ； ； i 31 2 
1 i ！ I 
214 F 84 1 0.00 0.00 i i 
215 M 63 1.00 4.001 5.00 0.00 0.001 1.00 丨 1 
216 1 M 37 4.00 3.00 7.00 0.001 0.001 0.001 
2 3.001 4.00 7.00 1 ！ 」 i 
217 M 80 3.001 1.00 9.00 i 1.00 丨 0.00 0.001 
218 M 60 1 1 1 
219 M 47 3.00 3.00 6.00 0.001 0.001 1 0.00 
2 2 0 1 F 6 9 1 丨 0.00 丨 0.00 • 1.00 丨 1 
！ 1 
2 8.00 1.00 9.00 i 4 3 1 
3 15.00 1.00 16.00 i 1 1 ‘ 
丨 1 一_ 
1 
4 1 1 . 0 0 1.00 1 2 . 0 0 i 1 4 1 3 i 
— i 1 i 1 1 1 
2 2 1 F 6 4 1 1 0.00 丨 0.001 0.00! 
i 
2 2 2 1 3.00 0.001 0.00 0.001 
2 1.00 3.00 4.00 1 
2 2 5 1 M 4 2 6.00 0.00 6.00 2.00 丨 2.00 0.001 1 j 
2 6.00 0.00 6.00 1 1 
2 2 6 M 79 1.001 1.00 2.00 丨 0.00 丨 0.00 0.001 1 1 
2 2 9 1 M 5 0 1 1 i 1.00 
2 8.001 3.00 1 1 . 0 0 1 i 3 3 
3 3.001 3.00 6.00 ！ 1 3 3 
1 1 1 ！ 
230 1 F 69 7.00 4.00 丨 11.00 1.00 丨 0.00 1.001 
2 7.00 4.001 11.00 ！ i 
232 F 78 3.00 0.001 3.00 0.00 丨 0.001 0.001 
233 M 73 i 3.00 0.00 丨 3.00 丨 0.00 丨 0.00 丨 
234 M 72 ： 1.00 1 3.00 i 4.00 丨 1 1 1.00! 
235 1 1 M 64 • 3.00 || 0.00 丨 3.00 1 1 0 
2 3.00 1 0.0C I 3.00 1 ！ 1 2 0 
3 3.00 1 0.0C ) 3.001 ！ 1 i 0 1 1 
1 1 1 ' 1 , , 
23e M 5£ > 9.0C 1 3.0C ) 12.00I 0.001 0.001 0.001 1 
237 ‘ 1 F 57 r 6 001 6.00 丨 12.001 0.00 丨 O.OC ) 0.001 1 
2 6.0C ) 1.001 7.0C 1 1 1 
23£ I M 5 i 5 9.0C ) 0.00 丨 9.0C 1 3.001 2.001 1.001 




23S ) F 7 3.0C ) 1.0( 3 4.0c ) 0.001 0.0( ) 0.001 1 
24( ) F 8： 3 4.0( ) | 5.0( ) 9.001 丨 1 0.001 2 \ 3 
24； I F T 1 8.0( ) 8.0( 3 16.001 1.00 丨 0 . 0 0 丨 1.001 
24： 3 1 1 M 51 5 6.0( 3 3.01 3 9 0 0 丨 3.00 丨 6.00 丨 1.00 丨 3 
• I 1 6.0( 3 1.00 丨 7.00 丨 1 丨 i j 
24-\ F 561 10.00 丨 3.001 13.00 丨 3.001 3.00 丨 3.001 丨 | 
• 1 ‘ 1 1 ‘ . 1 
24! 5 IM 5( 9 8.01 0 3.001 11.0< 3 0.00! 0.00 丨 1.00 丨 
2491 IM 5 7 a o o 丨 3.001 16.001 1.00 丨 1.001 1.001 31 
2501 丨M 7 41 8.00 丨 6.00 i 14.01 DI 1.00 丨 0.001 0.00丨 4 丨 31 1 ‘ 1 
1 1 1 j 251 i IF 1 451 0.001 0.00 i O.Ol 3! 0.00! 0.001 0.00: ol 0 
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CASE S CASE SEX AGE I NS HEP 
HISTOLOGICAL PATHOLOGY 
PERL'S STAIN 
SCORE (Method 2 ) 
NS KC NS TOTALI NS EDO I NS EXO I NS HRf 
GRADE (Method 1) 
REPI 
2 5 2 
2 5 3 
" 2 5 5 
2 5 6 
2 5 9 
2 6 3 
266 
268 
2 6 9 
2 7 0 
2 7 1 
2 7 3 









" 8 5 1 
















3 . 0 0 1 
4 . 0 0 1 
.00丨 



























M 26l 3 . 0 0 .001 11.00 .001 
M 
M 
2 9 1 







" 3 2 













3 . 0 0 

















3 0 1 
3 0 2 
3 0 3 M 
8 3 
J 7 







1 3 . 0 0 
3 . 0 0 
0.00 
0.00 
3 . 0 0 
•001 














5 . 0 0 I 
0.001 





3 0 6丨 "aoTT 
3 1 2 
3 1 4 
"3T5 
3 2 0 
3 2 5 
3 2 6 





7 7 1 
661 
7 5 1 
T T 
"90 




6 . 0 0 
3 . 0 0 1 
7 . 0 0 1 
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IRON OVERLOAD IN HONG KONG CHINESE 
CASE S CASE SEX A 
HISTOLOGICAL PATHOLOGY 
PERL'S STAIN 
SCORE (Method 2) GRADE (Method 1) 
GE NS HEP NS K C I N S TOTAU NS EDO NS EXO丨 NS HRT HEP 1 KC 
328 1 ^ j 96 6.00 7.00 丨 13.001 1.00 0.001 1.00 31 2 
329 1 ^ 20 5.00 0.00 5.001 0.00 0.001 0.00 1 
330 ^ 79 9.00 3.00 12.00 1.00 0.00 0.001 
331 70 6.00 1.00 7.00 1.00 2.00 0.001 1 1 
333 75 1 1.00」 
335 F 56 
336 64 8.00 9.001 17.00 1.00 0.00 
337 F 77 1 
338 - 64 8.00 4.001 12.00 0.00 0.00 0.001 
339 M 72 4.00 2.00 丨 6.00 0.00 0.00 0.001 
340 1 F 86 6.00 4.001 10.00 1.00 1.00 0.001 1 
2 3.00 4.001 7.00 1 3 3 
341 1 |M 61 8.00 7.001 15.00 0.00 0.00 0.001 
21 8.00 7.00 丨 15.00 0.00 0.00丨 丨 1 1 i 1 1.00 0.00 丨 i 1 
1 1 1 0.00 0.00丨 丨 i 
342 M 44 4.001 8.00 12.001 0.00 丨 0.00 丨 0.00 1 
343 M 55 6.001 7.00 13.00 0.00 丨 0.00 丨 0.00 
344 F 86 3.001 3.00 丨 6.00 1 1 ！ 
3451 M i 7 4 3.00 丨 5.00 丨 3.00 0.001 1.00 丨 i 
j i 1 ； 1 1 
346 M 1 65 3 001 3.001 6.001 0.001 0.001 0.001 
351 M I 74 i i I i 1 ！ ！ 
352 M 1 26 lOOOl 3.001 13.001 0.00 i 0.001 1.001 i 
3 5 3 M 1 571 1 1 1 ‘ 1 ！ ..-. 1 1 1 355 M 74 i 6 00丨 3,00 丨 9.001 I.OOl 1.00 丨 1.00 丨 ： 
356 1 M 61 丨 9 00 i 3.00 丨 12.00丨 1.001 0.00 丨 1.00; 3 j 1 
1 357 iF 881 i 丨 丨 丨 ： i .••. 
358 M 78 0.00 0 00 丨 0.001 0.001 0.001 0.001 j 1 i 
； ！ 1 i • i 
359 1 F 87 3.00 丨 I.OOj 4.001 0.00 1 0.001 1.001 21 1 i 
2 3.00 丨 1.001 4.00 ： 1 ‘ 
1 2 
3 3.00 1.001 4.00 ！ ! ! 3 2 
4 丨 3.00 1.001 4.001 丨 1 i 3 2 
3601 F 49 丨 3.00 6 001 9.00 丨 1.001 0.00 丨 1.001 i 
i 1 1 1 ! ! 
361 F 601 3.001 I.OOI 4.001 0.00 丨 0.00 丨 0,001 
362 F 521 3.001 I.OOi 4.00 1.00丨 0.00 丨 0.001 1 0 
363 F 791 6.00 丨 1.001 7.00 1.00 0.00 i 0.00 丨 3 1 
3641 M 74 丨 3.001 1.00 丨 4.00 0.00 丨 0.00 1 0.001 
3651 M 24 0.001 0.001 0.00 0.00 丨 0.0C 丨 0.001 
3661 M 62 0.00 i 0.001 0.00 0.00 1 0.0C 丨 0.0C )
370 1 M 79 1 3.00 i 6.001 9.00 1.00 1 1.0C ) 1.0( )
371 1 F 60 r •• 1 1 0.001 0.00 丨 0.001 
3721 IM 1 49 1 6.00 丨 3.001 9.00 1 0.00 丨 0.001 0.00 i i 
373 1 M 51 2.001 0.001 2.00 丨 2.001 0.00 丨 0.001 ！ 
2 2.00丨 0.001 2.00 j 1 丨 丨 丨 … 
374 F 75 i 3.00 丨 3.00 丨 6.00 丨 0.00 丨 0.00 丨 0.00 丨 j 
375 F 72 \ 3 .00 l 2.001 5.00 丨 丨 丨 "1.001 j 
376 M 71 a o o l 1001 g . oo l 1.00I 0.00 丨 i . o o i i 
377 F 64 1 3 00 丨 5.001 3.00 丨 0.001 0.00 丨 0.00 丨 丨 | 
378 F 
6 ‘ 
U 3.00 丨 0.00 丨 3.00 丨 0.0( } | 0.001 0.001 丨 ！ 
379 1 F 9C ) 6.0C ) 4.001 10.001 1.0( )! 0.001 0.001 丨 1 
380 1 M 3J 5 0.0C ) 0.00 丨 0.00 丨 0.0< ] | 0.00 i 0.001 1 1 
381 1 IM 5f 5 3.0C ) 3.001 6.00 i 1.00| 0.001 1.001 
2 I ！ ！ 6.0( ) 3.00! 9.001 i . 丨 i i _ 
382 ！ "MM 丨 771 9.0C 3 0 00 丨 9.001 2.001 0.00 丨 0.001 1 
) l . oo t 7.00 丨 0.001 j j 
382 1 M 51 1 1 0.001 0.001 0.00 丨 
38£ > 1 丨M 1 501 6.0< 3 6.001 12.00l 1.001 0.00 丨 0.00丨 3 丨 -1 
2 | i 6.001 6.00 丨 12.001 丨 ！ 3丨 、 \ 
38€ r 丨 F 871 6.001 1.001 7.001 1.00! 0.00. 0.00 
！ ! 1 i 1 ‘ ： 1 1 
； i ； 1 1 1 i 1 
o T 0.0 丨 38； r • 1 M i 64 丨 1.00丨 1.00 丨 2.0< D 0.0 丨 ol 0.00 i 1 1 
2 i 丨 0.001 1.001 1.001 . ！ i i « —. - • --- - - • - —-‘ - - - - -- —« 
01 0.00 丨 ！ 38« * M 91 1 7.00 1 0.001 7.001 1.001 0.0 
385 3 IF 801 1 1 ！ 1.001 0.001 ； � 
39( 3 1 IM a s i 8.00 丨 3.001 11.001 1.00丨 0.00; 0.001 
2 i 1 ‘ 12.00i 3.00! 15.001 ！ 
21 39； 2 ； F 丨 731 3.00 i 3.00 i 6.00 丨 2! ； 
3931 IF ； 791 7.001 3.001 10.001 1 001 0.001 I.OOi 3 i 1i 
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C A S E S C A S E SEX A G E 
H I S T O L O G I C A L P A T H O L O G Y 
PERL 'S STAIN 
SCORE (Me thod 2) 
NS HEP N S K C I N S TOTAL N S EDO NS EXO NS HRT 
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